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1. INTRODUCTION 
Vegetables are fresh edible portions of herbaceous plants. Vegetables play an 
important role in human diet by supplying some of the important nutrients in which 
other food materials are deficient. They are important in neutralizing the acidic 
substances produced during the course of digestion of meat, cheese and other foods. 
They are valuable as roughage, which promotes digestion and helps to prevent 
constipation. They are important sources of vitamins and minerals like calcium and 
iron. They have low calorific value and are also low in fats. 
Vegetables of the family Solanaceae, Cucurbitaceae, Cruciferae, root crops 
and leafy vegetables are grown in tropical, subtropical and temperate regions of India. 
The important vegetable crops grown in India are tomato, chilli, onion, brinjal. 
cabbage, cauliflower, okra, peas etc. Over the last few decades, the value of 
vegetables has increased worldwide along with a considerable increase in global 
vegetable supply, with a per annum growth rate of 4 million (FAO, 2006). Chilli is 
used as a vegetable as well as a spice. The dried ripe powdered chillies £ire employed 
in various preparations of the daily food. The nutrient value of fresh green chilli and 
dried chillies is moisture 85.7, lO.O, protein 29, 15.9 ; Fat 0.6, 6.2 ; Fibre 6.8. 30.2; 
carbohydrate 3.0, 31.6 and minerals 1.0, 6.1% ; calcium 30, 160 ; Magnesium 24,- : 
sodium 6.5, 14.0 ; potassium 217, 530; copper 1.55, - ; sulphur 34, - ; chlorine 15, - ; 
phosphorus 80, 310; iron 1.2, 2.3; thiamine 0.19, 0.93, riboflavin 0.39, 0.43 : niacin 
0.9, 9.5, Vit. c m , 50mg/ lOOg ; carotene 175, 345ng/ lOOg and energy 29,246 Kcal 
/lOOg. Chilli is a good source of vitamin C and L ascorbic acid which accounts for 97 
percent of ascorbic acid. The active principle in chilli is a mixture of allied 
components, capsaicin being the most important and major component (46-77% of 
total capsainoids) found in placental tissue particularly septum. Other capsainoids 
present are dihydrocapsaicin, homocapsaicin l&II, bishomo and trishomocapsaicin. 
homodihydrocapsaicin I and II, decyclic acids. The test crop chilli {Capsicum annimm 
Linn.) belongs to the family Solanaceae (Anonymous, 1992). It is essentially a crop of 
the tropics and grows better in hotter regions. It is cultivated in large areas in all Asian 
countries, Africa, South and Central America, parts of USA & Southern Europe both 
under tropical and subtropical conditions. The major chilli growing countries are 
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India, Nigeria, Mexico, China, Indonesia and Korean republic. Japan has shown the 
highest yield of chilli followed by India. 
Plant parasitic nematodes are a serious threat for crop production, causing an 
estimated worldwide loss of US $ 125 billion (Chitwood, 2003). The destructive plant 
parasitic nematodes are one of the major limiting factor in vegetable production in 
India. Vegetables are grown throughout the year so they harbour and encourage the 
build up of nematode populations. Plant parasitic nematodes are capable of producing 
recognizable disease symptoms on suitable susceptible hosts. Endoparasitic 
nematodes produce more damaging effect than the other groups. Plant parasitic 
nematodes affect the production and economy of crop in diverse ways such as 
reduction in quality of crop, need of additional fertilizers and water, application of 
nematicides and impediment of production & trade by phytosanitary regulations 
(Weischer, 1968). Root knot nematodes are among the most economically destructive 
group of plant parasitic nematodes causing damage and yield losses on most of the 
cultivated plants (Sasser and Freckman, 1987). The four most common species viz. 
Meloidogyne incognita, M. javanica, M. hapla and M. arenaria are by far the most 
important and leads to formation of conspicuous galls. Eggs are laid in gelatinous 
matrix surrounding the posterior portion of each female. These eggs undergo 
embryogenesis. First moult takes place inside the egg and second stage juveniles 
emerge out. These pre-parasitic second stage juveniles move freely in the soil and are 
attracted towards the roots. Severe crop losses in the productivity of chilli caused by 
plant parasitic nematodes have been reported (Kumar et al., 1992; Tiyagi et al, 2009; 
Moon et al, 2010; Zehra et al., 2012). Meloidogyne incognita (Kofoid & White) 
Chitwood is one of the major limiting factors affecting the production of chilli in 
India (Nagnathan, 1984; Jain, 1992; Ahmad and Khan, 2004). 
There are some reports of crop losses in terms of money. USDA estimated an 
annual crop loss of 372, 335000 dollars for 16 crops (Taylor, 1967). The estimated 
annual loss due to nematodes in USA was of the order of $ 10,38,374,300 in 16 field 
crops, $ 225,145, 900 in fruits and nut crops, $ 266, 289, 100 in vegetable crops, and 
$ 59,817, 634 in ornamental crops (Feldmesser et al, 1971). In a worldwide survey 
conducted by Sasser (1989), the most important genera of plant parasitic nematodes 
revealed are Meloidogyne, Pratylenchus, Heterodera, Ditylenchus, Glohodera, 
Tylenchulus, Xiphinema, Radopholus, Rotylenchulus and Helicotylenchus. The 
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estimated overall annual yield loss of world's major crops due to damage by plant 
parasitic nematodes is 12.3%. 
In India, the annual loss inflicted by pests, disease nematodes and weeds is 
estimated at Rs 6,000- 17,000 crores. Several attempts have been made to assess crop 
losses caused by plant parasitic nematodes in India. Van Berkum and Seshadri (1970) 
have calculated the annual losses due to ear cockle disease caused by Anguinu tritici 
on wheat by $ 10 million, due to Pratylenchus coffeae on coffee at $ 3 million and 
due to molya disease caused by Heterodera avenae in Rajasthan alone at $ 8 million. 
Okra, tomato and brinjal crops suffered considerable yield losses due to Meloidogyne 
incognita infestation at the rate of 3-4 larvae / g soil under field conditons (Bhatti and 
Jain, 1977). Reduction in the yield of tomato {Lycopersicon esculentum), ranging 
from 28% to 75%, has been reported by various researchers (Ibrahim et al., 2000; 
Rajendran et al., 2003). 
Large number of soil borne fungi cause root rots on variety of plants. These 
fungi cause conspicuously discolored and rotted areas on the main root and at the base 
of the stem. Ten fungal genera viz., Fusarium, Rhizoctonia, Pythium, Sclerotiniu. 
Sclerotium, Phytophthora, Verticillium, Macrophomina, Aspergillus, and 
Colletotrichum have been recognized to play a major role in root disease complex as 
they cause root, collar, and foot rots, seed decay, damping off, seedling blight, & wilts 
(Baker, 1970; Cook and Baker, 1983; Weller et al, 2002). Fusarium species is an 
imperfect fungus which is a soil borne facultative parasite in nature and cause root 
rots and wilt disease in many vegetable, fruits, ornamentals and fibre crops etc. 
Isolation from diseased squash plants revealed that squash plants are highly 
vulnerable to be attacked by Fusarium solani and Rhizoctonia solani (Lobna Saleh 
Nawar, 2006). Foot rot of tomato caused by Fusarium solani was first observed at 
Bowen on the Central Queensland Coast in 1975 with lesions on the tap and main 
roots, while young foliage was distorted (Vawdery and Peterson, 1988). Sclerotium 
rolfsii, a soil borne pathogen proved highly pathogenic on sunflower, mungbean and 
sugar beet and mildely pathogenic on tomato, lentil, sweet pumpkin and cabbage 
plants in pot experiments (Fouzia Yaqub & Saleem Shahzad, 2005).Chilli crop suffers 
economic losses due to dry root disease caused by Sclerotium rolfsii (Kamlesh & 
Gurjar, 2001). Fusarium solani and Fusarium oxysporum have been found to be 
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associated with diseased chilli plants in Pakistan. (Ehteshamul-Haque and Ghaffar 
1994, Ehteshamul-Haque,2006). 
Under natural conditions, a plant is a potential host to various microorganisms 
and they can influence each other by occupying the same habitat. It is inherent in 
nature of all living organisms to cooperate with one another especially if they have 
similar and overlapping food resources. This is all the more true for the soil which is a 
complex ecosystem having a wide variety of life forms (including plants and 
animals). The plants in one or the other form are direct or indirect sources of food 
for the consumers of all trophic levels including the plant pathogenic organisms. 
These microorganisms develop symbiotic, synergistic or antagonistic relationship 
amongst themselves which could be primarily because of nutritional or spatial 
competition. Example of interactions among soil microbes influencing disease 
development can be seen in plant parasitic nematodes-pathogen complexes. 
Interaction such as synergistic interaction which is summarized as positive where an 
association between nematode and pathogen results in plant damage exceeding the 
sum of individual damage by pest & pathogen (1+1>2). Conversely where an 
association between nematode and fungus results in plant damage less than that 
expected from the sum of individual organisms, the interactions may be described as 
antagonistic (1+1<2). The third type of interaction is that where nematode & fungus 
are known to interact and are shown to cause plant damage that equates to the sum of 
individual damage by pest and pathogen; the association may be described as 
neutral(l+I=2). Although the former two associations can be readily demonstrated 
experimentally, the latter can prove difficult to identify as neutral associations can 
result in similar plant damage to that seen in additive associations, where nematode «fe 
pathogen are known not to interact with one another. 
Meloidogyne spp. has been a part of nematode-fungal disease complexes on 
many crops (Golden and Van Gundey, 1975; Diomande et a/., 1981; Abawi and 
Baker, 1984; Starr et ai, 1989). The association of nematodes and fungi on plants may 
be synergistic, additive, or antagonistic with respect to disease development and yield 
suppression. Synergistic associations of fungi and nematode generally result in 
enhancement of fungal infections due to physiological effects on the plant caused by 
nematode (Golden and Van Gundey, 1975; Starr and Aist, 1977). Meloidogyne 
incognita interacted with Fusarium oxysporum to reduce plant weight (Kumar et al., 
4 
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1988) with greater damage occuring when the nematode infection was established 
before inoculation of the fungus (Mani and Sethi, 1987). Rhizoctonia solani and 
Pythium aphanidermatum interacted with Meloidogyne incognita on chilli, causing 
some loss of nematode resistance in the two cultivars tested (Hasan, 1985). In the 
synergistic association of Meloidogyne incognita and Rhizoctonia solani on okra and 
tomato, roots of both crops were colonized to a greater extent by R. solani in the 
presence of M incognita compared to colonization of plants exposed to R.solani alone 
(Golden and Van Gundey, 1975). Synergistic interaction occured between some 
cultivars of chickpea both in concomitant and sequential inoculations. Greater wilting 
occured in the presence of M. javanica. Synergistic interaction in concomitant 
inoculations was greater than sequential ones (Khan and Hosseini-Nejad, 1991). 
Additive effects occur when the plant damage observed corresponds to the sum of the 
effects of nematode and fungus separately. Starr et al. (1996) reported that the effects 
of Sclerotium rolfsii and Meloidogyne arenaria on yield of peanut and incidence of 
southern blight were additive over a range of different inoculum levels of both 
pathogens. In antagonistic interactions there is a dynamic balance between the effects 
of organisms involved. Perez sendin et al. (1986) inoculated soyabeans with 
Rhizoctonia solani and Meloidogyne incognita and reported that fungal infection 
index for the roots was significantly less when the fungus was inoculated alone. 
Disease severity on soyabeans was not substantially changed when Fusarium solani 
and Heterodera glycines were inoculated together as compared to their inoculation 
individually, but seedling stand was improved (Killebrew et al, 1988). 
Control of plant pathogens generally relies on chemical methods which 
remain one of the most outstanding methods in terms of immediate results but 
phytotoxic effects sometimes pose difficuhies in their indiscriminate use. There are 
reports where nematicidal chemicals have been found to contaminate the underground 
water and thus are potentially toxic to human beings (Alam and Jairajpuri, 1990). 
High cost of nematicidal chemicals for the management of nematodes, the lack of 
reliable chemical controls, occurence of fungicide resistance in pathogens and the 
break down of host resistance by pathogen populations (Mc Donald & Linde, 2002) 
are some of the reasons for growing interest in alternate disease control measures. Use 
of organic matter has been proposed, for both conventional and biological agriculture 
systems to decrease the incidence of plant diseases caused by soil borne pathogens. 
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(Bonanomi et ah, 2007). Organic amendment have been shown to have a suppressive 
effect on plant parasitic nematodes (Alam, 1976). Organic amendments have also 
proved effective in controlling diseases caused by soil borne fungi like Fusarium spp. 
(Lewis and Papavizas 1977; Szczech, 1999). Organic soil amendments have been 
found to effectively suppress the noxious nematodes to varying extent depending 
upon the type of organic matter, nematode, host plant species and the prevaling 
ecological conditions (Sayre, 1971; Muller and Gooch, 1982; Godoy et ah, 1983). 
Amendment of soil with decomposable organic matter such as farmyard manure, plant 
parts, a number of indigenous plant products of neem, murraya, castor, mustard, 
linseed in the form of oil cakes, dry leaves, seeds, seed kernel, seed coat, seed powder 
etc. have been used against plant parasitic nematodes. 
Singh and Sitaramaiah (1973) carried out research on the effect of organic 
amendment / manuring of nematode population. The release of nematicidal 
compounds during the decomposition of organic additive in soil is beneficial for the 
control of nematodes in soil (Khan et al., 1974). 
Due to the economic importance of chilli as a food crop with its medicinal 
values and its association with root knot nematode and root rot fungus on the plant, it 
was considered desirable to study whether this aggravated damage was casual or due 
to the result of interaction between Fusarium solani and Meloidogyne incognita. 
Keeping this aim in mind, the following experiments were performed to study 
following aspects: 
1) Pathogenicity of root knot nematode M. incognita and root rot fungus F. solani 
on chilli. 
2) Effect of individual, concomitant and sequential inoculation of M incognita and 
F. solani on plant growth and disease development. 
3) Effect of organic amendment on the management of two test pathogen viz. M. 
incognita and F. solani. 
2. REVIEW OF LITERATURE 
Under natural conditions there are many types of microorganisms and 
environmental factors which alter the normal physiological functions of the plant and 
resuh in the development of disease. The series of invisible and visible responses of plant 
cells and tissues to a pathogenic microorganism or environmental factor that result in 
adverse changes in the form, function, or integrity of the plant may lead to partial 
impairment or death of the plant or its part. Many species of plant parasitic nematodes 
predispose the plants to fungal and bacterial infections and thus the plants may suffer 
greater damage from concomitant infection. The plant pathogenic microorganisms, such 
as viruses, fungi, protozoa, and nematodes, usually cause disease in plants by disturbing 
the metabolism of plant cells through enzymes, toxins, growth regulators, and other 
substances they secrete, and by absorbing foodstuffs from the host cells for their own use. 
Pathogenicity is the ability of the parasite to interfere with one or more of the 
essential functions of the plant and thereby cause disease. Tests for pathogenicity are thus 
necessary to determine the tolerance limits or damage threshold of a particular pathogen 
under a particular set of environmental conditions for different crop cultivars as it has 
significant bearing on the development and establishment of disease syndrome. As far as 
pathogenicity of nematodes to different crops is concerned, a lot of work has been carried 
out time to time to establish threshold level in different species i.e., maximum damage 
causing level and it always varied from species to species, host to host under different 
environmental conditions. 
2.1 Pathogenicity of root-knot nematode 
Plant parasitic nematodes produce disease symptoms on vegetable crops, 
ornamentals, fibre, fruits, oilseed, plantations, medicinal, and aromatic plants (Webster, 
1972; Haseeb, 1992, 1994, 2003; Luc et o/.,2002). Usually they are found in and around 
the roots of their host plant or in the stems, leaves and seeds of host plants. 
Santo et al (1981) studied the effect of Meloidogyne chitwoodi on the growth 
of some common varieties of wheat, com, oat and barley in the Pacific North West. Root 
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of all the hosts parasitized by M. chitwoodi weighed less (p=0.01) than un-inoculated 
control plants. However no, difference in top growth was observed. There was no 
significant reduction in growth of the plants when plants were tested by other nematodes. 
Lindsey and Clayshulte (1982) observed the effects of Meloidogyne incognita 
on three cultivars of Capsicum annuum, Big Jim, Jalapeno and New Mexico No. 6. All 
the three cultivars were susceptible to M incognita and reacted similarly to different 
initial populations of this nematode. Severe stunting and yield suppressions occurred at 
all initial M incognita densities tested ranging from 385 to 4,230 eggs and larvae / 500 
cm^ soil. Regression analysis of the micro plot data showed yield losses of 31% for 1978 
season and 25% for the 1979 season for the three cultivars for each 10 fold increase in 
initial populations of M incognita. 
Gupta and Yadav (1988) studied the pathogenicity of Papaya (Carica papaya) 
with inoculum levels of 500, 1000, 2000, 4000 and 8000 freshly hatched juveniles of 
Meloidogyne incognita per plant. The progressive decrease in shoot length, shoot weight, 
root length, root weight and reproduction factor were recorded with increase in the level 
of inoculum. Reduction of shoot length, root length, plant weight were found to be 
significant in the inoculated plant compared to the untreated control. The number of galls 
continued to increase with increasing inoculum levels. 
Pandey (1990) observed that as the inoculum level increased there was a 
corresponding decrease in plant length, fresh and dry weights and total chlorophyll 
content, when the seedlings of Hyocyamus albus were inoculated with 1, 10, 100, 1000, 
and 2000 second stage juveniles of Meloidogyne incognita in a pot experiment. Root knot 
galling also increased with inoculum level. 
Bhagawati and Phukan (1991) studied the pathogenicity of Meloidogyne incognita 
on pea variety Boneville with four inoculum levels viz. 10, 100, 1000 and 10,000 larvae 
of M incognita per 500g soil along with check. Significant plant growth reduction was 
found with an initial inoculum level of 1000 larvae of M incognita per 500g of soil. 
Maximum number of galls and egg masses were found at 1000 larvae per 500g of soil. 
The reproductive rate of nematode was maximum at the lowest inoculum density and 
minimum at highest inoculum density. 
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Siddiqui and Mahmood (1992) studied the effect of different inoculum levels 500, 
1000, 2000, 4000, or 8000 second stage juveniles of Meloidogyne incognita on chickpea 
with seeds treated with chickpea strain of Rhizobium. The growth and nodulation of 
chickpea (Cicer arietinum) plants progressively decreased as the inoculum level of M. 
incognita increased. Significant reduction in dry root weight occurred with an inoculum 
level of 2000 or more second stage juveniles of M incognita. Peroxidase activity and 
protein content were high in inoculated plants compared with un-inoculated one with 
maximum peroxide activity at inoculum level of 2000 juveniles and was correlated with 
economic threshold level. 
Siddiqui et al. (1995) observed the effect of five different inoculum levels (500, 
1000, 2000, 4000 and 8000 juveniles) of Meloidogyne incognita in the presence and 
absence of Rhizobium on Pisum sativum. Progressive decrease in plant growth was 
observed with the increase in the inoculum level of M incognita but the damage caused 
by nematodes was more in un-bacterized plants than in bacterized ones. The damage 
threshold level of M. incognita was found to be 1000 juveniles per kg soil in un-
bacterized plants and 2000 juveniles in bacterized plants. Nematode multiplication was 
density dependent and reduced in presence of Rhizobium. 
Dalai and Bhatti (1996) reported inoculum level of 1000 second stage juveniles of 
Meloidogyne incognita per kg soil as the damaging threshold level in both Rhizobium 
treated as well as untreated plant. In cluster bean, a significant decrease in yield was 
associated with 10,000 second stage juveniles/ kg soil in Rhizobium treated plants where 
as 1,000 juveniles decreased yield, fresh shoot weight and length significantly in 
untreated plants. 
Ibrahim et al. (1999) studied the pathogenicity of Meloidogyne incognita on egg 
plant cvs. Black Beauty, Black long and White long and found all the three host highly 
susceptible with large number of galls (427-451/ root system) and nematode egg masses 
(408-430/ root system) recorded on roots. Nematode infestation had no significant effect 
on length or dry weight of root and shoot of tested cultivars except that cv. White long 
had a significant reduction in plant dry weight. 
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Pathak et al. (2000) recorded a significant decrease in germination and seedling 
emergence of cauliflower at 500 nematodes/ kg soil which further decreased with 
increase in inoculum level. Seed germination and seedling emergence were more in 
unsterilized soil. Plant growth characters were adversely affected with an increase in the 
level of inoculum from 50 to 10,000 juveniles / kg soil. Significant reduction in growth 
characters could be noticed at and above the level of 500 nematodes / kg soil. 
Khan et a/.(2004) studied the pathogenic effect of Meloidogyne javanica on bitter 
gourd {Momordica charantia), bottle gourd {Lagenaria siceraria), red gourd {Cucurbita 
maxima) and sponge gourd {Luffa cylindrica) by inoculation of different inoculum levels 
of second stage juveniles viz. 0, 250, 500, 1000, 2000, 4000 and 8000 h I kg sterilized 
soil in earthen pots. Significant reduction in growth of bottle gourd and red gourd was 
recorded at 1000 J2 / kg soil damaging threshold level of M javanica. The damaging 
threshold level of M javanica on sponge gourd and bitter gourd were recorded at the 
inoculum level of 500 and 2000 J2 / kg soil. An increase in the level of inoculum showed 
a progressive increase in host infestation as indicated by the number of galls as well as 
nematode multiplication. Maximum nematode multiplication in all the tested plants was 
observed at lowest inoculum density & vice-versa. 
Khan and Jyoti (2004) assessed the pathogenic potential of Meloidogyne incognita 
on carnation. Nematodes were inoculated on thirty days old carnation (Dianthus 
caryophyllus) plant roots at population of 10, 1000, 10,000 second stage juveniles. Plant 
growth was reduced at the level of 1000 and 10,000 juveniles compared to control. 
Agwu and Ezigbo (2005) inoculated the seedlings of okra {Abelmoshus esculentus) 
with different numbers of egg masses (0, 4, 8, and 12) of Me loidogyne incognita. The 
different inoculums elicited varied reactions on the okra plants. Root galls increased 
progressively and significantly with increased levels of inoculum. At high inoculum level 
very low mean yields of plant dry weight, flower and fruit production were recorded 
when compared to the control. 
Ansari and Azam (2005) inoculated one week old seedlings of green gram with 
different inoculum levels of 0, 500, 2000 and 4000 second stage juveniles of 
Meloidogyne incognita to determine its damaging potential & whether and to what 
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extent the nematode interferes with the nodulation of green gram. The Maximum damage 
was recorded at 4000 juveniles/ pot. Number of galls was maximum at this inoculum 
level. The Maximum and minimum reproductive rates of nematodes were recorded in the 
lowest inoculum (500) and highest inoculum (4000) levels respectively. 
Khan et al. (2006) observed the effect of different inoculum levels viz 0. 250. 500. 
1000, 2000, 4000 and 8000 second stage juveniles of M. javanica (J2) / plant and its life 
cycle on balsam under glass house conditions. The results indicated that an inoculum 
level of 500 and above J2/ plant significantly decreased the length and dry weight of the 
plants. The number of galls per root system and the root-knot nematode population in soil 
and roots progressively increased with an increase in nematode inoculum levels form 
250-800 J2 / plant. Observation on the life cycle of M javanica on balsam showed that 
the life cycle (J2-J2) was completed within 23 days at a temperature ranging between 23-
30°C. 
Singh and Khurma (2007) reported that six tomato cultivars Moneymaker, Beefsteak, 
Roma, Summertaste, Mini Roma and Small fry were tested for their susceptibility to root 
knot nematodes at inoculum levels of 200, 400, 600 juveniles (J2) per pot. All were found 
to be susceptible to varying degree as egg masses were present in all with Moneymaker 
and Roma being the most susceptible and Mini Roma, the least susceptible. The 
inoculum levels had a significant effect (p<0.05) on the number of galls and plant weight. 
The gall number and plant weight was negatively correlated, with the highest gall number 
and lowest plant weight recorded at the highest inoculum level in all cultivars except in 
Mini Roma in which there was little variation in gall number and plant weight. 
Imafidor and Nzeako (2008) observed the effect of Meloidogyne javanica on tomato 
cultivar (cv) Derica at different inoculum levels; 0, 500, 1000, 1500 or 2000 egg/ 
juveniles. Nematode reproduction was monitored at 30, 60 and 90 days after inoculation 
(DAI). The result of the study showed significant difference (p<0.5) in nematode 
population increase 30, 60 and 90 DAI at all inoculum levels. Nematode increased more 
at 1000 inoculum level (2559 nematode recovered) per 50g/soil root and at the 1.500 
inoculum level (1986) 90 DAI. The study revealed increased root proliferation at various 
inoculum levels. The inoculum levels had significant influence on the height and stem 
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size (p<0.5) and non significant on the shoot weight (p>0.5) of the cultivars at 90 DAI. 
Fruit production was inhibited while apical growth stimulated at all inoculum levels. 
Olabiyi (2008) studied the pathogenicity of Meloidogyne incognita on tomato 
seedlings cv. DT 69/257 grown in steam sterilized soil and inoculated with graded 
inocula of 5,000, 10000, 20000 and 25000 eggs. At inoculum levels of 15000, 20000 and 
25000 eggs of M incognita, number of leaf per plant, plant height, fruit yield and root 
galls were significantly reduced. 
Robab et al. (2009) carried out an experiment to determine effect of different 
inoculum levels (10, 1000, 5000 and 10,000 J2) of Meloidogyne incognita on soybean. 
Inoculum levels of M incognita exhibited suppressive effects on fresh and dry weights of 
roots and shoots of soybean. At the highest inoculum level all parameters were drastically 
reduced compared with the control. The seed weight at 10 and 100 Ji inoculum level was 
non-significant but at 10,000 J2 it was significantly lower than control. There was a 
significant increase in the number and size of galls per plant at inoculum levels 1000 and 
10,000 J2. The number of mature females per gram root and number of egg masses 
increased with increasing inoculum level. The number of eggs per egg mass and 
reproduction factors decreased with an increase in inoculum level. 
Khan et al. (2010) conducted a pathogenicity trial of Meloidogyne javanica on 
broccoli, and result indicated that a gradual increase in nematode inoculum from 500 to 
8000 juveniles/kg soil was associated with a progressive decline in all the plant growth 
parameters and reproduction factor of the nematode. Statistical analysis of the data 
revealed that the population of 1000 juveniles/kg soil was associated with significant 
decline in plant growth. The significant reduction in seedling emergence was recorded at 
and above 2000 juveniles/kg soil and it decreased further with increasing inoculum 
levels. M. javanica required 27 days to complete the life cycle on broccoli at a 
temperature range of 28-35''C. 
Chandra et al. (2010) studied the effect of population density on the pathogenic 
potential of Meloidogyne incognita in Lageneria ciceraria, Cucumis sativa, Momordica 
charantia and Cucurbita pepo under green house conditions. The 10, 100 and 1000 
second stage juveniles were inoculated into the rhizosphere of 15 day old seedlings and 
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percent changes in growth parameters in infected plants recorded manually after 30 and 
60 days along with root galls and final nematode population extracted from roots and 
soil. All the four cucurbits were found to be highly and moderately susceptible to 
infection with M incognita and population growth of the nematode was found to be a 
determining factor in the pathogenesis of the infection. An inverse relationship was 
observed to exist between population density, population growth and severity of root 
galls. 
Singh et al. (2010) studied the effect of root knot nematode Meloidogyne 
incognita on lentil {Lens culinaris) with inoculum levels of 250, 500, 1000, 2000 and 
4000 J2 per plant on plant growth, yield, nodulation, seed weight, chlorophyll, NPK 
contents, as compared to control plants. The reductions were significant at 500 J2 and at 
higher inoculum levels. At higher inoculum levels the population of nematode in the root 
as well as in soil increased to a greater magnitude than at lower levels. Reproduction 
factor (RF) and rate of population increase decreased with increasing inoculum level. 
Ganaie et al. (2011) observed the effect of root knot nematode Meloidogyne 
incognita on okra. The inoculum level of 1000 juveniles per plant showed significant 
reduction in various plant growth parameters which reveals that M. incognita is a 
potential pathogen of okra. With the increase in inoculum level of M incognita (J2), there 
was a progressive decrease in various plant growth parameters. The maximum reduction 
in plant growth parameters was observed at an inoculum level of 4000 juveniles per 
plant. 
2.2 Pathogenicity of root-rot fungi 
Fungi are a very large and diverse group of organisms, and have the ability to 
adapt to a wide range of conditions. More than 10,000 species of fungi are responsible for 
various diseases in plants. In general, all plants are attacked by some kind of fungi and 
each of the parasitic fungi can attack one or many species of plants. Almost all 
pathogenic fungi spent part of their lives on their host plants and part in soil or in the 
plant debris on the soil (Agrios, 2000). Variety of commonly grown vegetable crops are 
infected by these pathogenic fungi. 
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Vawdrey and Peterson (1988) first observed the foot rot of tomato caused by 
Fusarium solani at Bowen on the Central Queensland coast in 1975. Lesions occurred on 
the tap or main roots while young foliage was distorted and lightly mottled with necrotic 
spotting. Thirty cultivars and breeding lines were susceptible when screened for 
resistance. 
Paternotte (1987) reported Fusarium solani fsp. cucurbitae race 1 foot rot in 
courgette {Cucurbita pepo). In the inoculation experiment all the nine cultivars of six 
species of cucurbitaceae were susceptible. Courgette 'Green' became diseased after 
inoculation with a spore suspension by root dipping or adding the suspension to the soil 
around the stem base or spraying whole plant. With low inoculum densities the plant 
were affected more slowly than with high densities and the differences in susceptibility of 
the cucurbitaceae tested were pronounced. 
Saeed et al. (1990) studied the population dynamics of the fungal incitants of 
root-rot and wilt disease complex of sunflower. Macrophomina phaseolina, Fusarium 
oxysporum, F. solani, Pythium ultimum and Rhizoctonia solani were isolated from 
diseased sunflower roots in El-Minia, Assiut, Sohag and upper Egypt. 
Hartman and Fletcher (1991) determined the pathogenic potential of Fusarium 
oxysporum f. sp. radicis lycopersici on tomato and reported that leaf and stem symptoms 
did not appear until at the time of first fruit harvest even when the plants were inoculated 
at planting, first flowers or fruit set. Conidial inoculum at 10^  (cfu/ plant applied at seed 
sowing killed 70-83% of tomato seedlings, whereas similar levels of inoculum applied to 
young plants caused root and basal stem decay, and eventually death but only after fruit 
harvest began. Disease incidence & symptom severity increased with inoculum 
concentration. All tomato cultivars tested were highly susceptible. 
Bhatti and Kraft (1992) observed the growth of a large seeded Kabuli chickpea 
(cv. Burpee 5043) and a small seeded desi chickpea (cv. JG-62) at different temperatures 
(10, 15, 20, 25, and 30°C) with a range of inoculum densities of four root pathogens. Root 
rot or wilt increased with increased inoculum levels of Fusarium solani f.sp. pisi and fsp 
ciceris, Pythium ultimum and Thielaviopsis basicola, Fusarium oxysporum. Ciceris was 
equally pathogenic to both cultivars, and wilt severity did not increase with increased 
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inoculum levels of 104 and 105 micro and macro conidia per millimeter. However wilt 
symptoms were less severe at 10, 15, & 20°C than at 25 and 30°C. Similarly F. solani f. 
sp pisi caused the most root and hypocotyl necrosis on both cultivars at 30°C. At 10, 15 
or 20°C however the pathogen caused very little disease on cultivar JG-62. Thielaviopsis 
and Fusarium root rots were grown at 30°C & exposed to 5,000 cfu/g of T. basicola and 
F. solani f.sp. pisi. 
Moustafa et al. (1992) observed the response of certain tomato cultivars to 
Fusarium oxysporum f sp lycopersici and Rhizoctonia solani respectively. Eleven tomato 
cultivars were screened for infection by F. oxysporum and R. solani in green house in 
1991. Reaction with Fusarium wilt varied with genotype, but no resistance to Rhizoctonia 
root rot was shown. A synergistic effect between the two pathogens was evident. The 
tomato cultivars were classified into 3 groups according to their reaction to the Fusarium 
wilt, root rot and synergistic compiex,(l) resistant Waiter, 204 A, 204B and Romitei (2) 
tolerant FH Agera, Roma, Meliglous and Chicco iii, and susceptible Meclne, 4(9)-3 and 
money maker. Pathogens affected vegetative growth of seedlings, the effect was more 
severe when the two pathogens were used in combinations. 
Stranto and cappell (1994) reported that Rhizoctonia solani caused 100% seedling 
mortality in cowpea, 78.12% in L. siceraria and 69.25% in tomato. Macrophominu 
phaseolina caused 92.18% disease in cowpea, 71.87% in tomato and 62.31% in L. 
siceraria. Severe attacks by R. solani on kohlrabi were observed in province of Latina, 
Italy during spring of 1992-1993. The fungus caused root and stem rot and caused loses 
up to 20% of the crop. This was the first report of i?. solani in kohlrabi in Italy. Isolates of 
the fungus were pathogenic to kohlrabi when inoculated artificially. 
Channa et al. (1995) studied Rhizoctonia solani (kuhn) causing rot of lentil. R. 
solani was isolated from infected lentil roots and in in vitro pathogenicity tests, 100% 
infection was recorded. 
Gulli and Chafai (1995) determined the pathogenicity of Fusarium solani on 2 
and 6 months old seedlings of citrus in Morocco. They found that only 2 month old 
seedlings were susceptible to the fungus. A higher mortality rate was found when roots 
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were wounded before inoculation than when the seedlings were transplanted directly into 
soil infested with the pathogen. 
Javed et al. (1997) tested the pathogenic potential of Fusarium solani on seed 
germination of onion in experimental disease and pot conditions. They reported that F. 
solani reduced germination of onion seeds by 28 & 67% of experimental dishes and pots 
respectively. Under artificial conditions both in vitro and in vivo F. solani caused 100% 
seedling mortality. 
Demirci-E et al. (1999) reported that the fungal pathogens were isolated from 
plants and seeds of chickpea cultivar Aziziye-94 and there pathogenicity were tested 
individually or in combination in pot trials under controlled environmental conditions. 
Fusarium solani f sp. pisi and Rhizoctonia solani were the most pathogenic species 
when inoculated alone or in combination with other species. They caused substantial 
reductions in seedlings emergence, plant dry weight and height. 
Ramezani et al. (1999) studied effect of Fusarium oxysporum f. sp. ciceri on 
chickpea with different initial inoculum levels viz. 0.25, 0.75, 1.00, 1.50, 2.00, 3.00, 4.00 
and 5.00g mycelium / kg soil on chickpea var. Banda local under pot conditions. They 
reported that highest root infection was observed at 3.0g mycelium / kg soil initial 
inoculum level. 
Zapata et al. (2001) reported high incidence of wilting, root rot and basal canker 
at fruiting stage in a crop of aubergine cv. Violeta larga, grown year after year in the 
same plots in Buenos Aires, Argentina. The causal agents of the syndrome were 
identified using standard phytopathological techniques. Rhizoctonia and Fusarium solani 
were isolated from the affected plants. Pathogenicity tests were carried out separately for 
each fungus. As of result of these tests, it was concluded that F. solani is the causal agent 
of aubergine root rot and wilt where as R. solani only causes basal canker. This is the first 
report of F. solani infecting adult aubergine in Argentina. 
Bao et al. (2002) surveyed wide range of geographical areas to study the variation 
in pathogenic potential of 43 strains of Fusarium oxysporum and one strain of F. solani 
from tomato roots. They reported that out of 43 F. oxysporum strains, 21 were non 
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pathogenic on tomato, 20 were pathogenic, including 13 strains of F. oxysporum f.sp. 
lycopersici and 7 strains of F. oxysporum f.sp. radicis-lycopersici and 2 were other from 
specials of the fungus. 
Grosch and Kofoet (2003) studied the effect of temperature and pH level on 
mycelial growth of the anastomose group AG 1-IB o^ Rhizoctonia solani and \.o asstss, 
the role of temperature conditions and inoculum density on disease development caused 
by R. solarti on lettuce. Optimal hyphal growth was measured over temperature range of 
20 to 30°C with a optimum at 25°C & over a pH range of 5 to 8. The disease incidence 
and development was favored by higher temperature conditions. Infection on lettuce b\ 
R. solani was also observed at lower temperature conditions without effect on plant 
growth. Temperature conditions of about 15°C during day reduced plant growth after R. 
solani infection, plant growth of infected plants was also influenced by inoculum density 
of the pathogen & growth inhibition increased with higher inoculum density. 
Singh and Singh (2004) determined the pathogenicity of Fusarium solani and 
Fusarium oxysporum on chilli in test tube and pot. They reported that Fusarium spp. 
develop infection both in test tube and potted seedlings. F.solani was more virulent as 
compared to F. oxysporum. Recovery percentage of F. solani was 76 & 66 % from the 
test tube and potted seedlings, respectively. However recovery percentage of F. 
oxysporum was 46 to 50%. Mixed inoculation of F. solani and F. oxysporum resulted 
100% percent infection of seedlings in test tubes and recovery percentage was 99%. 
Haseeb et al. (2005) conducted a pot experiment to determine the pathogenic 
potential of Fusarium oxysporum at different inoculum levels viz. 0.5, 1.0, 1.5, 2.0, 5.0, 
and 10.0 ml spore suspension having 10^  cfu / kg soil on the plant growth and yield of 
mungbean cv. MLl 108. They observed that reduction in all growth and yield parameters 
was observed with corresponding increase in initial inoculum levels. The highest 
reduction in plant growth and yield was observed at highest initial inoculum level. 100% 
root infection was also observed at highest inoculum level. 
Kumar and Kamalwanshi (2009) studied the pathogenicity of root rot fungus 
Fusarium oxysporum f. sp. pisi on pea and on the basis of wilt index on pea calculated 
Ig of mycelial mat produce significantly high value index. 
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Safiuddin et al. (2011) conducted a pathogenicity test of root rot fungus 
Rhizoctonia solani on okra {Abelmoshus esculentus). The results indicated that an 
increase in inoculum level of R. solani from 0.25-8.0g mycelial mat / plant cause 
reduction in plant growth parameters viz. length, fresh weight and dry weight. The 
highest reduction in plant growth parameters was observed at 8.0g mycelial mat of R. 
solani I plant. However the significant reduction in plant growth parameters was recorded 
in plants inoculated with 2g mycelial mat / plant. 
2.3 Interaction of root knot nematode and root rot fungi 
Under field conditions plants develop close association with many soil micro-
organisms, especially with fungi and nematodes. Fawcett (1931) was the first to realize 
that "nature does not work with pure cultures" and that most plant diseases, particularly 
root diseases, are influenced by various microorganisms occupying the same habitat. The 
development of disease in cultivated crops has long been known to depend on the 
complex inter-relationship between host, pathogen and prevailing environmental 
conditions. 
The frequency of involvement of nematodes and fungi in disease complexes is 
reflected in the number of crops on which such complexes are recorded and, as the single 
most destructive nematode species in the world, it is not surprising that Meloidogyne 
incognita has been so frequently reported in disease complexes. 
Ahmad S. Al Hazmi (1985) examined the effect o^ Meloidogyne incognita and 
Macrophomina phaseolina on the root rot of two cultivars of French bean in a green 
house experiment. Severity of root rot caused by M phaseolina was increased by 54.5, 
94.6, and 9.6% when both pathogens were introduced simultaneously, the nematode first 
by 2 weeks, and the fungus first by 2 weeks, respectively. Nematode infection and 
reproduction was adversely affected when the fungus was introduced first. Cultivar 
"Harvester" was more tolerant to both pathogens and less susceptible to the nematode 
than "Romano Italian". 
Husain et al. (1985) observed that the peas were damaged by Meloidogyne 
incognita or Rhizoctonia solani when the pathogens were inoculated alone but plant 
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growth was suppressed even further when plants were inoculated with both organisms 
with maximum effect occurring when the two were inoculated simultaneously. 
Siddiqui et al. (1987) reported that Meloidogyne incognita, Rotylenchulus 
reniformis and Rhizoctonia solani significantly reduced plant growth of okra when 
inoculated separately, however the reduction was more pronounced in plants inoculated 
with the fungus along with either of the nematodes. A similar reduction was observed in 
water absorption capability of roots. Nematode multiplication was however, retracted by 
the presence of the fungus. 
Zaidi and Tiyagi (1989) studied the interaction between root knot nematode. 
Meloidogyne incognita and fungus Fusarium solani on chilli in a pot experiment. The 
growth of plants was reduced significantly when plants were inoculated with both the 
pathogens in sequential and simultaneous inoculation. The rate of multiplication of M. 
incognita was adversely affected when fungus was inoculated before nematode. 
Khan and Hosseini-Nejad (1991) observed the interaction of Meloidogyne 
javanica and Fusarium oxysproum f sp. ciceris on chickpea cvs. Pusa- 240, Pusa- 209. 
Pusa- 261 and Pusa- 212. Plants of Pusa- 240, Pusa- 209 and Pusa- 261 wilted when 
inoculated with fungus alone. Synergistic interaction occurred between the pathogens on 
these cvs. both in concomitant and sequential inoculations. Wilt symptoms appeared and 
greater wilting occurred in the presence of M. javanica. Synergistic interaction in 
concomitant inoculations was greater than in sequential ones. Resistance of Pusa-212 
recorded with the inoculation of the fungus alone was broken in presence of the 
nematode. 
Khan and Husain (1991) studied the effect of Meloidogyne incognita and 
Fusarium solani on the growth of papaya under green house conditions. They reported 
that M. incognita alone caused greater suppression of growth of papaya than F. solani. 
However the highest reduction in plant growth was observed in plant inoculated with 
both the pathogen simultaneously followed by the sequential inoculation of nematode 15 
days prior to fungus, and fungus 15 days prior to nematode, respectively. F. solani 
whether inoculated simultaneously or sequentially, reduced the rate of reproduction of 
nematode but increased the rate of root rotting. 
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Ali and Venugopal (1992) observed the interaction between Meloidogyne 
incognita and Rhizoctonia solani in damping off or Rhizome rot disease off cardamom 
seedlings. They reported that the disease was more severe in combined inoculation than 
in either of the pathogen alone. M incognita predisposed cardamom seedlings to 
damping off or rhizome rot caused by R. solani. 
Zaki et al. (1992) examined the effect of Meloidogyne incognita race 3, 
Macrophomina phaseolina and Bradyrhizobium sp. on root rot disease complex of chick 
pea (Cicer arietinum). M. incognita and M phaseolina caused statistically equal damage 
to plant growth when inoculated singly but both pathogens together caused more damage 
than the sum of total damage caused by both pathogens individually. Inoculation of 
Bradyrhizobium 10 days prior to pathogens resulted in reduced damage. Inoculation of 
pathogens prior to Bradyrhizobium resulted in more damage than prior or simultaneous 
inoculation of Bradyrhizobium. Both M phaseolina and Bradyrhizobium, had an adverse 
effect on nematode multiplication and galling. Both pathogens also had an adverse effect 
on nodulation. 
Shah et al. (1993) studied the individual and concomitant effects oi Rhizoctonia 
solani, Aspergillus niger and Meloidogyne javanica on chilli and reproduction of 
nematode in a pot experiment. All the pathogens reduced plant growth significantly when 
inoculated alone. However maximum reduction in plant growth was observed in plants 
inoculated with R. solani and least with A. niger. Reduction in the growth parameters 
further increased with simultaneous inoculation with R. solani & M. javanica. 
Fazal et al. (1994) studied the interaction between Meloidogyne incognita and 
Fusarium oxysporum f. sp. lentis on lentil (Lens culinaris) using various combinations of 
each pathogen individually, F. oxysporum f. sp. lentis was the most aggressive pathogen. 
At all combinations, reduction in growth parameters in concomitant inoculation was 
greater than the additive of the pathogens acting independently, thus showing a 
synergistic relationship. Rate of nematode multiplication and galling in the presence of 
fungus were significantly reduced. 
Anwar et al. (1997) observed the interaction between Meloidogyne incognita and 
Rhizoctonia solani on soybean and found significant alterations in chlorophyll a and b by 
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simultaneous, sequential and individual inoculations but more damage occurred in 
simultaneous inoculation than other treatments. 
G. E Walker (1997) conducted pot experiments to determine the virulence of 
Meloidogyne incognita, M. javanica and M hapla populations to Vitis vinifera cv. 
Colombard (susceptible) and to V. champinii cv. Ramsey (regarded locally as resistant). 
The virulence of R. solani isolates obtained from roots of diseased grapevines was also 
determined both alone & in combination with M incognita. Ramsey was susceptible to 
M incognita, but was resistant to M hapla and M javanica. Shoot growth was 
suppressed (by 35%) by M incognita and, to a lesser extent, by M hapla. Colombard 
roots were more severely galled than Ramsey roots by all three species and nematode 
reproduction was higher in Colombard. Ramsey was more susceptible to root rotting than 
Colombard. Shoot growth was inhibited by up to 15% by several AG4 isolates & by 20% 
by the AG2 isolate. Root rotting was higher when grapevines were inoculated with both 
M. incognita and R. solani and was highest when nematode inoculation preceded the 
fungus. Shoot weights were lower when vines were inoculated with the nematode 13 days 
before the fungus as compared with inoculation with both the nematode & fungus on 
same day. It was concluded that both M. incognita population and R. solani isolates were 
virulent against both Colombard and Ramsey. 
Jonathan and Rajendran (1998) conducted experiments to study the interaction 
between Meloidogyne incognita and Fusarium oxysporum f. sp. cubense on banana cv. 
Rasthali. Synergistic interaction occurred between the pathogens both in concomitant and 
sequential inoculations, resulting in significant reduction in plant growth. The panama 
wilt disease in terms of corm rot was significantly higher when nematode followed 
fungus and in concomitant inoculations of the pathogens. 
Fazal et al. (1998) observed an interaction between Meloidogyne Javanica at 500 
and 1000 J2 per pot and Rhizoctonia bataticola at 10 and 20ml mycelium per pot on black 
gram {Vigna mungo) cv. Pant U-19. In single species inoculation, reduction in plant 
growth, nodulation & yield was significant at both the inoculum levels. In concomitant 
inoculations, the reduction was greater than the additive effect of the pathogens acting 
independently, indicating a synergistic effect on plant growth, nodulation and yield. 
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Maximum damage was observed when the nematode inoculation preceded fungal 
inoculation by ten days. R. bataticola at both inoculum levels adversely affected 
nematode reproduction and galling. 
Imran (1999) investigated the effect of Meloidogyne incognita on the 
development of tomato wilt caused by Fusarium solani. The growth of plants was 
reduced with inoculation with either of pathogen alone. The inhibition of plant growth 
was highest when fungus and nematodes were inoculated simultaneously, followed by 
nematode inoculation prior to fungus. The least damage to the plant was observed when 
fungus inoculation was made prior to the nematode. 
Bhagwati and Goswami (2000) studied the interaction of M incognita and F. 
oxysporum f. sp. lycopersici on tomato. Synergistic effect was recorded in treatments 
with either simultaneous inoculation of both the pathogens or when nematode were 
inoculated prior to fungus. Greater damage was recorded in plants inoculated with both 
the pathogens simultaneously than those inoculated with Fusarium alone. 
Patel et al. (2000) studied the interaction of M incognita on chickpea cv. Dahod 
yellow and revealed that the organisms either individually or in combination reduced 
plant growth parameters significantly but the reduction was more by nematode as 
compared to fungus. Among combined inoculations, simultaneous inoculation of both the 
pathogens had maximum suppressive effect on growth of chick pea plants as compared to 
preceding or succeeding inoculations, of fungus and nematodes. Root galling and 
multiplication on chickpea was maximum when nematodes were inoculated alone but it 
was reduced in presence of fungus alone. Fungus was able to produce wilt disease but the 
inoculation period for disease development was reduced and severity of disease increased 
when root-knot nematode was present with fungus. Maximum wilting of plant was 
observed when the fungus and nematodes were inoculated simultaneously. 
Rahman et al. (2000) studied the interactive effect o^ Meloidogyne javanica and 
three root rotting fungi, Fusarium solani, Rhizoctonia bataticola and Fusarium oysporum 
f.sp. ciceri. The effects of these root pathogens were studied, both alone and in different 
combinations, on four chickpea genotypes (C 104, BG 212, JG 62, and WR 315) in a 
greenhouse. Stunted growth, yellowing of foliage, and premature leaf drop were common 
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in plants inoculated with any of the pathogens. The severity of diseases caused by M 
javanica, F. solani, R. bataticola or F. oxysporum f. sp. ciceri varied with chickpea 
genotype and pathogen combinations. The interaction between F. o. f. sp. ciceri and M 
javanica was synergistic on wilt susceptible genotypes. The reaction of wilt resistant 
genotypes (BG 212 and WR 315) were not altered by the presence of any of the three 
pathogens. Presence of F. solani had a mild but significant suppressive effect on 
nematode-induced root galling on JG 62. The F. o. f. sp. ciceri increased the dry root rot 
on JG 62 and black root rot on JG 62 and WR 315. Presence of the nematode did not 
enhance the severity of dry and black root rots. 
Singh and Goswami (2001) studied the interactive effects of Meloidogyne 
incognita and Fusarium oxysporum on cowpea cv. Pusa komal under pot conditons. They 
observed that wilting was increased when plants were inoculated with M. incognita in 
combination with F. oxysporum as compared with F. oxysporum alone. Nematode 
inoculation preceded by fungal inoculation caused more wilting than plants inoculated 
with both the pathogens simultaneously. 
Sumer and Ahmad (2002) studied the interactive effect of Fusarium solani. 
Meloidogyne javanica and Rotylenchulus reniformis on tomato var. Pusa Ruby in a glass 
house pot experiment. Plant growth was significantly affected when M. javanica. R. 
reniformis and F. solani were inoculated either alone or in combinations with maximum 
reduction in concomitant inoculation of the 3 pathogens. In inoculation with two 
pathogens only, maximum damage was with M. javanica and F. solani and least with 
sequential inoculation of F. solani preceded with R. reniformis. The rate of multiplication 
of M. javanica was higher than R. reniformis when present individually but in combined 
inoculation both the nematodes were adversely affected by each other, with M. javanica 
more than R. reniformis, F. solani also inhibited multiplication of both the nematodes in 
sequential as well as in concomitant inoculations. The percentage of root rot increased in 
plants inoculated either concomitantly or sequentially with either of the nematode 
species. 
Chand and Tripathi (2000) observed the effect of Meloidogyne incognita (100 
and 1000 J2 / kg soil) and Rhizoctonia solani (1.0, 1.5 and 2.0g mycelium / kg soil) on 
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the root rot incidence of tomato cv. Hisar Arun. They found the synergistic effect of R. 
solani and M incognita in causing root rot of tomato. Inoculation of l.Og fresh mycelium 
of i?. solani and 100 J2 of M incognita resulted in 55.59% disease incidence. The disease 
incidence was increased up to 98.80% when seedlings were inoculated with 2.0g fresh 
mycelium of fungus & 1000 J2 / kg soil. 
Roy and Mukhopadhyay (2004) observed the effect of individual and combined 
inoculations of Macrophomina phaseolina and Meloidogyne incognita on brinjal cv. 
Makra under green house conditions. They reported that the inoculation with M. 
phaseolina alone and in combination with M.incognita significantly reduced plant height 
by 59 and 64% respectively as compared to un-inoculated control. Plant mortality was 
100% in plants inoculated with nematode and fungus simultaneously, whereas reduction 
in plant mortality was 66.7% and 24% in plants inoculated with fungus and nematode 
alone respectively. 
Kumar and Haseeb (2005) studied the interactive effect of Meloidogyne 
incognita with 4000 J2 /4 kg soil and Rhizoctonia solani at lOg mycelium / 4kg soil on 
tomato cv. K-25. It was observed that M. incognita was more capable in reducing the 
plant growth and fruit yield of tomato than R. solani. Maximum reduction in plant growth 
and fruit yield was found in plants inoculated with both pathogens simultaneously 
followed by nematode seven days prior to fungus, fungus seven days prior to nematode, 
and nematode and fungus alone respectively. Highest reproduction rate and root knot 
index were observed in plants inoculated with nematode alone followed by nematode 
prior to fungus, nematode and fungus simultaneously and fungus prior to nematode. 
However, the root colonization by the fungus was significantly high in presence of M 
incognita as compared with R. solani alone. 
Asma et al. (2007) observed the effect of the root rot fungi Rhizoctonia solani, 
Macrophomina phaseolina and Fusarium solani on sunflower plant cv. Myak infected 
with Meloidogyne incognita. The results indicated that combined infection of M. 
incognita with any of the tested fungi resulted in a significant reduction in number of root 
gall and nematode egg masses. Plant growth reduction and disease severity were greatly 
evident when M. incognita was inoculated simultaneously with R. solani. Inoculation 
24 
Review of Literature 
with M incognita alone & in combination with three different inoculum levels of R. 
solani, M. phaseolina and F. solani on sunflower cv. Myak was studied in 3 green house 
experiments. These treatments caused significant reduction in number of root galls and 
nematode egg masses and dry weight of sunflower plants. Effect of inoculation time of 
M. incognita applied alone or in combination with the above three test fungi was also 
studied. Treatments with any of the tested fungi, either at the same time or one week 
before M. incognita inoculation resulted in significant reduction in number of root galls 
and nematode egg mass. Treatments with M incognita both alone or in combination with 
any of the examined fungi caused significant reduction in dry weight of sunflower plants. 
Samuthiravalli and Siva Kumar (2008) observed the interaction between root knot 
nematode Meloidogyne incognita and Fusarium oxysporum f sp. lycopersici on tomato 
cv. COS under glass house conditions. The effect of the nematode in combination with 
the fungus enhanced the suppression of plant growth more than that with fungus alone. 
Inoculation of the nematode and fungus exhibited a synergistic effect on growth 
retardation in plants. Maximum reduction in plant height (33.08 cm) was observed when 
nematode and fungus were inoculated simultaneously. 
Senthamarai et al. (2008) carried out a glass house experiment to study the 
interaction of Meloidogyne incognita and Macrophomina phaseolina on medicinal 
coleus, Coleus forskohlii. The nematode multiplication was adversely affected when 
fungus was inoculated prior to nematode. Simultaneous inoculation of nematode and 
fungus as well as nematode followed by fungus 15 days later caused 100 percent root rot 
disease. The minimum reduction in plant growth was observed in the treatments which 
received fungus alone or fungus inoculation prior to nematode. 
Ganaie and Khan (2011) studied the disease complex involving Meloidogyne 
incognita and Fusarium solani under glass house conditions in pot experiments with 
individual, simultaneous and sequential inoculations of both pathogens. In single 
inoculations of M. incognita and F. solani a significant reduction in plant height, fresh 
weight, dry weight, number of fruits and fruit weight over the un-inoculated control were 
observed, but the reduction was more by M. incognita as compared to F. solani. A 
significant reduction in different plant growth parameters was observed on simultaneous 
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and sequential inoculation of M. incognita and F. solani. However, the reduction was 
more prominent on simultaneous inoculation of both pathogens. Among the sequential 
inoculations more damages were assessed during inoculation of M incognita followed by 
F. solani (N+fio). Nematode multiplication, number of galls and number of females were 
adversely affected on simultaneous & sequential inoculation of both the pathogens in all 
treatments. 
2.4 Management of root-knot nematode through organic amendments 
Management of nematodes through ecofriendly methods by using materials of 
plant origin is gaining importance (Sayre et ah, 1964; Singh and Sitaramaiah, 1973; 
Rodriguez-kabana, 1986). The addition of organic materials to soil infested with plant 
parasitic nematodes has been a satisfactory method for nematode control in many 
developing countries because of its low cost and easy availibility.Various mechanisms 
are involved in this nematicidal action (Stirling, 1991). Some materials release 
compounds toxic to nematodes, preformed like phenols, tannin, azadirachtin, ricinin 
(Mian and Rodriguez-Kabana, 1982; Rossener and Zebitz, 1987; Rich et al, 1989) or 
derived from decomposition in the soil, like ammonia, nitrites, hydrogen sulphide 
(Rodriguez-Kabana, 1986).The addition of organic material usually improves soil 
structure and consequently the capacity of soil to hold water and exchange ions that, 
together with the nutrients released by organic matter, positively effect on plant growth. 
The use of organic amendment for the mangement of nematode was first 
demonstrated by Linford et al. (1938), who observed the reduction in root-knot incidence 
caused by Meloidogyne spp. on cowpea {Vigna unguiculata L.), when soil was amended 
with chopped leaves of pineapple (Ananas comosus L.), since, then a large number of 
reports have been published showing that the incorporation of a variety of organic 
amendments to the nematode infested soil resulted in a definite reduction of several 
plant-parasitic nematodes and therefore, improved the crop yield. Chopped leaves of 
many plants successfully suppressed the population of plant parasitic nematodes and 
improved plant growth. Infection of Meloidogyne incognita and Rotylenchulus reniformis 
on tomato was reduced by incorporating chopped plant parts of water hyacinth 
{Eichornia crassipes), a noxious weed (Siddiqui & Alam, 1989a). Leaf extract of other 
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plants such as Ricinus communis, Leucaena leucocephala, Populus deltoides, Lantana 
camara, Eucalyptus tereticomis (Chhabra et al., 1988), Azolla pinnata (Thakar et al.. 
1988), Tridax procumbens (Mani & Chitra, 1989), Cineraria maritima, Ruta grveolens. 
Tagetes erecta (Sasanelli & D-Addabbo, 1992), Mentha piperta and Parthenium sp. 
(Ganai et al., 1992), Ipomoea cornea (Patel et al., 1993), Mentha spicata, Thymus 
vulgaris, Origanum majorana, Mentha longifolia (Abd- Elgawad & Omer, 1995), were 
effective against plant parasitic nematodes. 
Latex bearing plants have also shown a great potential in the management of 
phytonematodes (Siddiqui et al., 1984a; Siddiqui & Alam, 1988). Incorporation of 
chopped parts of latex bearing plants can bring a substantial reduction in the population 
of plant parasitic nematodes. 
Goswami and Vijayalakshmi (1986) used dried materials of Argemone mexicana, 
Eucalyptus globorus, Datura metel, Phyllanthus niruri and oil cakes of Callophyllum 
inophyllum, Madhuca indica, and Shorea robusta @ 1, 2 and 3% w/w against 
Meloidogyne incognita infecting tomato and observed significant reduction in root-knot 
galls. 
Alam (1986) observed that organic soil amendments in the form of chopped 
shoots of some weeds gave significant reductions in the population build up of the root 
knot nematode Meloidogyne incognita and stunt nematode Tylenchorynchus brassicae 
on a strong host, eggplant cv. Pusa Purple Long. The most effective was soil treated with 
Solanum xanthocarpum followed by Calotropis procera, Datura metel, Croton 
bonplandium and Argemone mexicana. These treatments also significantly inhibited root 
galling. Plant growth was also improved by the amendments however C. bonplandium 
showed some phytotoxicity at higher dose. 
Alam (1987) reported that chopped plant leaves, when incorporated into the 
naturally infested soil, effectively suppressed populations of plant parasitic nematodes 
and improved growth of tomato cv. Marglobe, barring a few exceptions where 
phytotoxicity was noted. This type of management to phytonematodes was considered 
economical, easy and pollution free. 
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Akhtar and Alam (1990) conducted an experiment on tomato. The plants were 
inoculated with 5000 freshly hatched J2 of Meloidogyne incognita and amended chopped 
leaves in the soil. Three months later, suppressed root galling by the nematode and 
enhanced plant growth were observed in all amendment treatments. Calotropis procera 
was the most effective followed by Azadirachta indica, Ricinus communis, Melia 
azederach and Lantana indica. Eucalyptus citriodora and Thuja orientalis gave poorer 
results while Clerodendrum inerme was the least effective. 
Akhtar et al. (1992) observed that the bare root dip treatments with leaf extracts 
of Persian lilac {Melia azederach) or Calotropis procera significantly reduced root-knot 
development caused by Meloidogyne incognita on tomato and chilli, C. procera being the 
most effective. Nematode control and plant growth increased with extract concentration 
and dip duration. 
Akhtar and Mahmood(1993) reported that the root-knot development caused by 
Meloidogyne incognita (Kofoid and White) Chitwood on chilli cv. Jwala significantly 
declined in the presence of the predatory nematode Mononchus aquaticus Coetzee. The 
severity of root knot infection was greatly reduced when chopped leaves of neem 
{Azadirachta indica A.Juss) and castor {Ricinus communis) were incorporated into the 
soil. The highest rate of organic amendment resulted in maximum reduction of root galls; 
particularly the incorporation of neem leaves at 5% (w/w). 
Akhtar and Mahmood (1994) examined that bare root dip treatment of chilli 
{Capsicum annuum) seedling with extracts of decomposed and un-decomposed oil cakes 
and leaves of neem and castor {Ricinus communis) provided protection against root-knot 
disease caused by Meloidogyne incognita. A curative effect was also noted when roots of 
pre-infected seedlings were given a similar treatment. Suppression of root-development 
was greater in pre-infected (therapeutic use) seedlings than in those inoculated after dip 
treatment (prophylactic use). Extracts of decomposed materials were effective than those 
of un-decomposed ones. Moreover, oil cakes and neem were more effective than leaves 
and castor. 
Patel et al. (1994) studied the effect of leaf powder of vilayati mehndi 
{Clerodendron inermis L.), pink and white flower periwinkles {Catharanthus roseus L. 
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G.Don) and Azolla {Azolla pinnata R.Br) for the control of Meloidogyne incognita and 
M. javanica on okra in nematode infested soil during 1986-88. The substrates were used 
at 25 g/meter row (560 kg/ha) under the crop row a day or two prior to okra seedling. 
Application of leaf powder of Clerodendron, pink and white periwinkle significantly 
increased plant height and fresh root weight by 63.6, 63.6, 67.6 and 90.3, 75, 73% with 
significant reduction in root knot disease by 33.2, 28.7 and 30.8% respectively over 
control. 
Abid et al. (1995) studied the effect of neem dry leaves powder, seed powder and 
neem cake at 2, 4 and 6 g / 750 g soil against Meloidogyne javanica on okra under pot 
conditions. They reported that all the treatments enhanced the plant growth and reduced 
gall formation as compared to untreated control. Maximum reduction in root knot index 
was observed with oil cake followed by seed powder. 
Abadir et al. (1996) recorded that addition of dried chopped portions of Egyptian 
clover {Trifolium alexandrinum), rice {Oryza sativa), marigold {Tagetes erecta), thevetia 
(Thevetia nerifolia) and wheat {Triticum aestivum) @ 0.5, 1.0 and 1.5% w/w reduced the 
number of egg masses and galls of Meloidogyne incognita on roots of sunflower. Tagetes 
erecta and T. nerifolia were most effective amendments. Better plant growth was 
observed where either T. nerifolia or T. alexandrinum was used. Use of O. sativa or T. 
aestivum at higher doses was phytotoxic. 
Akhtar and Mahmood (1996) studied the effect of Nimin, an industrial product 
containing neem triterpenes, and oil from castor {Ricinus communis), mustard (Brassica 
juncea), neem (Azadirachta indica) and rocket salad (Eruca sativa) and found that these 
products significantly suppressed population of some ectoparasitic nematodes and 
reduced the incidence of Meloidogyne incognita on chilli (Capsicum annuum) when 
applied as bare root dips. Nimin gave the best results in terms of reduced root-knot 
incidence and improved plant growth, followed by oils of neem, castor, rocket salad and 
mustard. The effect of treatments were also related to their concentrations. 
Khan and Saxena (1997) observed that amendments of oil-cakes, bone and horn 
meals in soil increased tomato plant growth and reduced nematode multiplication. 
Highest improvement in plant growth and reduced reproduction factor and root galling 
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were recorded in neem-cake amended soil. The least effect was with sesame-cake. The 
integration of oil cakes (except mahua-cake), bone and horn meals with Paecilomyces 
lilacinus, resulted in increased plant growth and reduced gallings. The groundnut-cake 
with P. lilacinus was most effective. The organic amendments increased the parasitism of 
P.lilacinus on root knot nematode. 
Amin and Youssef (1999) tested five different dry and green plant leaves against 
Meloidogyne javanica and Rotylenchulus reniformis, as bio-agents in controlling these 
nematodes infecting sunflower. Data generally, indicated that all the tested manures 
significantly (P < 0.05) reduced the total number of nematodes in root and soil. The best 
materials were datura dry leaves on M. javanica and lime dry leaves on R. reniformis 
which gave very good results against nematodes (86.4 and 95.1% female reduction, 
respectively). 
Akhtar (1999) reported the potential nematicidal value of plant parts and their by-
products when incorporated into soil or when the plants themselves are interplanted as 
seedlings among crop plants. Various products (oils, cakes, extracts, etc.) prepared from 
the leaves and seeds of the neem plant {Azadirachta indica A. Juss)(Family Meliaceae) 
have been reported as effective protectants against nematode pests when used as root-dips 
and seed treatments. Nemato-toxic compounds of the neem plant, especially the 
azadirachtins, are released through volatilization, exudation, leaching and decomposition. 
The modes of action of these compounds are complex, and a number of mechanisms in 
relation to nematode management are yet to be fully explored. This review critically 
assesses the potential of these products in the management of nematodes in tropical 
agriculture. 
Sharma-Poudyal et al. (2002) conducted a pot experiment to manage plant 
parasitic nematode, Meloidogyne graminicola of rice with organic amendments at the 
Institute of Agriculture and Animal Science, Rampur, Chitwan in 2001. The experiment 
was carried out in a completely randomized block design with 5 replications. The 
treatments imposed were plastic pots with 3 kg of naturally infested soil with M 
graminicola well mixed with 2.3 kg each of chopped green leaves of malabar, neem, 
Persian lilac and sissoo, chicken manure and mustard cake and the control pots only with 
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infested soil. Fifteen days old seedlings (cv. Chaite-4) raised in sterilized soil were 
transplanted per pot and placed in a glasshouse. There was no significant difference in 
plant height, tiller number, fresh root weight and root length among the treatments. Root 
knot index was significantly the lowest (2.2) from Persian lilac leaf treatment in 
comparison to control (3.4). The second lowest value (2.4) was found from malabar and 
neem leaf treatments. Considerable differences were not observed in population of 
second stage juveniles in soil and roots and egg numbers in roots among the treatments. 
Umamaheswari and Babu (2003) conducted experiments to study the efficacy of 
Calotropis procera leaf powder (1, 2, 5 and 10%) against root-knot (Meloiciogyne 
incognita) and reniform {Rotylenchulus reniformis) nematodes infesting cowpea cv. CO-
4. The highest yield and lowest nematode population was obtained with 10% leaf powder 
in both experiments. 
Tiyagi et al. (2003) studied the effect of leaf extract of noxious weeds such as 
Solanum xanthocarpum and Argemone mexicana {A. mexicana).l\\Q?,Q were used as bare 
root dip treatment for the management of three important plant parasitic nematodes. 
Meloidogyne incognita, Rotylenchulus reniformis and Tylenchorhynchus brassicae 
infesting tomato plants. Significant reduction was observed in the root-knot development 
caused by M incognita, multiplication of nematode populations of R. reniformis and T. 
brassicae on both the test plants. Larval penetration of second stage juveniles of M. 
incognita was also inhibited at various concentrations of leaf extracts and dip durations. 
Leaf extract of S. xanthocarpum caused relatively more inhibition in root-knot 
development in case of root-knot nematode, nematode multiplication of reniform and 
stunt nematodes than that of ^. mexicana. Because of dip treatment in leaf extracts of 
Argemone mexicana and Solanum xanthocarpum, the plants show better growth and at 
the same time the populations of nematodes such as M. incognita, R. reniformis and T. 
brassicae significantly decreased, which naturally improved plant growth. The efficac> 
of root-dip treatment with respect to improvement in plant weight and reduction in root-
knot development and nematode populations, increased with increasing the concentration 
of leaf extracts and dip durations. 
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Shaukat et al. (2004) reported that Argemone mexicana L. (Papaveraceae), a 
tropical annual weed, is phytotoxic to many crop species. A study was designed to 
examine tiie allelochemical and nematicidal potential of A. mexicana and to understand 
the role of this weed in the ecosystem better. A methanol-soluble extract of the leaf 
material caused greater juvenile mortality oiMeloidogyne javanica than did ethyl acetate 
or hexane extracts indicating the polar nature of the toxins. Decomposing tissues of A. 
mexicana in soil at 50 g kg"' were highly deleterious causing 80% mortality of tomato 
plants. At 10 g kg"'plant growth was enhanced, while at 30 g kg~'plant growth was 
substantially retarded. M javanica population densities in the rhizosphere and in roots, 
and gall formation were significantly suppressed when 10, 30 or 50 g kg"'^. 
mexicana was allowed to decompose in the soil. To establish whether decomposition was 
necessary to produce phytotoxic symptoms, or whether the shoot extract alone could 
interfere with plant growth, an aqueous shoot extract was applied to soil. Whereas a 50% 
extract promoted plant growth, a 100% (100 g/500 mL distilled water) concentration 
significantly reduced plant height, and fresh weights of shoot and root. In general, 
decomposing plant material caused greater phytotoxicity as compared to the aqueous 
extract. Addition of N as NH4NO3 partially alleviated the phytotoxic action of A. 
mexicana, and also reduced severity of root-knot disease. Adding Pseudomonas 
aeruginosa to soil amended with^. mexicana resulted in decreased density ofM 
javanica in the rhizosphere and in tomato roots, suppressed galling rates and enhanced 
plant growth. 
Ahmad and Khan (2004) studied the efficacy of Paecilomyces lilacinus in 
management of root-knot nematode (Meloidogyne incognita) in soil amended with 
various organic matters. The soil amendments with organic additives except gram and 
rice husks significantly reduced the multiplication of M incognita and the root galling 
caused by root-knot nematode which consequently increased the plant growth. The 
greatest improvement in plant growth and reduced reproduction factor and root galling 
was recorded in soil amendment with leaves of Calotropis procera while the least was in 
kail saw dust. The best protection against M. incognita was observed on the integration of 
organic additives with P. lilacinus, which resulted in increased plant growth and reduced 
population build-up of nematodes and root gallings. The leaves of C. procera with P. 
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lilacinus were most effective than all other organic materials used among the different 
integrated approaches. The organic amendments also increased the parasitism of P. 
lilacinus on M. incognita. 
Fatima and Ahmad (2005) tested organic amendments like neem oil, mustard oil 
cake, til oil cake, garlic extract and a chemical Furadan-3G including control, against 
Meloidogyne javanica on two local varieties of groundnut. Treatment with Furadan-3G as 
side-dressing after 7 and 14 days of inoculation gave the best response in plant growth 
characters including nodulation correspondingly with the lowest number of galls, adult 
females and different juvenile stages of the nematode within the treated plants. Neem oil 
gave better effect with the reduction of galls and nematode population like that of 
Furadan-3G. Garlic bulb extract showed comparatively higher response in promoting 
plant growth and suppressing the nematode. Good effects were observed with the oil 
cakes of mustard and til. 
Saravanapriya and Sivakumar (2005) conducted a field experiment to investigate 
Meloidogyne incognita control on tomato (cv. Ramya) using botanical pesticides, 
including extracts dry powder from leaves of Calotropis gigantea, Tagetes erecia and 
Azadirachta indica, and seeds of Citrullus lanatus and Arecha catechu. Dry powders of 
the botanicals were used in tomato seed treatments while water extracts were used as root 
dips. Seed germination and seedling establishment increased compared to the control. 
Seed treatment with the dry powder of Calotropis gigantea, resulted in the highest seed 
germination (98%) and the highest percentage of seedling establishment. Root dip 
treatment with leaf extracts o^ Calotropis gigantea resulted in the significant reduction of 
soil nematode population at 45 days after transplanting and at harvest (87.3 and 90%. 
respectively) and the lowest gall index, and increased fruit yield by 23.9%. 
Riga et al. (2005) reported that the extracts from seed exudates of Tagetes erecta 
cv. Crackerjack and T. patula var. Polynema caused significantly higher mortality (p < 
0.05) to Heterodera schachtii, Meloidogyne hapla and Pratylenchus penetrans than the 
control extracts from radish, tomato and com seeds, respectively. Marigold seed exudates 
consist of nematicidal compounds. Nematostatic compounds have not been found in the 
seed exudates. Two high-performance liquid chromatography fractions derived from T. 
33 
Review of Literature 
erecta cv. Crackerjack and one from T. patula var. Polynema caused the highest mortality 
of//, schachtii in comparison with a water control and the rest of the fractions. 
Rizvi and Shameel (2006) reported that twenty two species of seaweeds viz., 
Asparagopsis taxiformis, Botryocladia leptopoda, Caulerpa racemosa, Caulerpa 
scalpelliformis, Caulerpa taxifolia, Codium iyengarii, Cystoclonium purpureum, 
Cystoseira indica, Dermonema abbottiae, Dictyota dichotoma var. Intricata, Gelidium 
usmanghanii, Gracilaria foliifera, Gracilaria gracilis, lyengaria stellata, Jolyna 
laminariodes, Melanothamnus afaqhusainii, Padina antillarum, Sargassum tenerrimum, 
Spatoglossum variabile, Stoechospermum polypodioidis were collected from the coastal 
areas (Manora, Buleji, Paradise Point) of Karachi, Pakistan. Methanol extracts of the 
seaweeds were tested for nematicidal activity against the larvae of Meloidogyne javanica, 
root knot nematode. Stoechospermum polypodioides appeared to be the most active 
seaweed as it caused 80 % mortality of the nematode larvae after 72 h exposure to its 
extract. Jolyna laminarioides was found to be least active in its nematicidal activity since 
it caused only 21 % mortality after the exposure of 48 as well as 72 h of its extract. Three 
species of Caulerpa and 2 of Gracilaria presented specific differences regarding their 
nematicidal activities. 
Radwan et al. (2007) compared the nematicidal activity of dried ground leaves of 
Datura stramonium, Melia azedarach, Lantana camara, Nerium oleander and Ricinus 
communis against root knot nematode, Meloidogyne incognita, infecting tomato, in a 
glass house experiment. The powdered leaves were incorporated into the soil at the rates 
of 5 and 10 g/kg and their activity was compared with that of nematicide carbofuran at 
the rate of 0.01 g a.i. / kg. The effects of the treatments on the growth of tomato were also 
examined. Populations of M. incognita in the soil and root galling of tomato were 
significantly suppressed by dried leaves of all five plant species, with greatest reduction 
occurring in soil amended with D. stramonium, followed by R. communis, M. azedarach, 
L. camara and N. oleander. The control of nematode was best at highest rate of 
application. Eradication of the nematode was obtained by amending the soil with lOg of 
dried leaves of D. stramonium I kg. All the amendments, except leaves of A'^ . oleander, 
significantly improved growth of tomato. 
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Wang et al. (2007) observed that marigold can be used as a substitute for 
synthetic nematicides. In some instances, marigold can reduce nematode populations at 
greater soil depths than soil fumigation. In addition, marigold is more environment 
friendly than chemical nematicides because it does not repress other soil microorganisms. 
However, to successfully incorporate marigold into an integrated nematode management 
program it is important to select a marigold variety that is effective against the localh 
occurring nematode populations. 
Bharadwaj and Sharma (2007) conducted an experiment to evaluate potential of 
aqueous extracts from Azadirachta indica, Carica papaya, Ocimum sanctum, Ricinus 
communis and Tagetes patula, in controlling the hatch of eggs of the root-knot nematode. 
Meloidogyne incognita. Five concentrations of water soluble extracts from the five plant 
species were filtered, added to Petri dishes and infested with eggs of M. incognita. The 
best results were obtained with O. sanctum, with no hatching within 48 h vs. 34.8% in the 
control. 
Olabiyi et al. (2008) conducted laboratory experiments to know the effect of leaf 
extract of Sida acuta Burm F., Euphorbia hirta Linn., Andropogon gayanus Kunth. 
Phyllanthus amarus Schum and Thomm and Cassia obtusifolia L. weeds on root-knot 
nematode, Meloidogyne incognita and also on the chemical compounds in the leaf 
extract. 100 juveniles per Petri-dish containing graded weed extract and juveniles in the 
Petri-dish filled with distilled water served as control. In 15 and 20% (w/v) 
concentrations of Euphorbia hirta, Phyllanthus amarus and Cassia obtusifolia and 20% 
(w/v) concentration of Sida acuta and Andropogon gayanus, there was 100% M. 
incognita juveniles mortality by the 7* day. The result of phyto-chemical analysis 
revealed that Euphorbia hirta contained tannins, saponins, flavonoids and alkaloids. 
Andropogon gayanus contained saponins, flavonoids and alkaloids, Cassia obtusifolia 
contained tannins, flavonoids and alkaloids, Phyllanthus amarus contained tannins, 
saponins, flavonoids and alkaloids while Sida acuta contained tannins, saponins, 
flavonoids and sterols chemical compounds. 
Pakeerathan et al. (2009) conducted a field study to test the effect of different 
green leaf manures to elucidate ecofriendly management of Meloidogyne incognita on 
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tomato. Recommended dosage of green leaf manures, such as Gliricidia maculata, 
Thespesia populnea, Calotropis gigantia, Azadirachta indica and Glycosmis pentaphylla 
were compared with control treatments. The result revealed that the extent of galling 
(35.87), gall index (0.327), yield (17.87 Mt/ha), reproductive factor (0.411) and plant 
growth including height, dry matter, respectively ( 22.47 and 45.08g) were significantly 
best in Gliricidia maculata compared to other treatments. While other green leaf 
manures, T. populnea and A. indica ranked second and third, respectively in managing M 
incognita. Green leaf manure improved plant growth and reduced nematode infestation in 
tomato field. 
Ahmad et al. (2010) conducted a greenhouse experiment to assess the impact of 
green chopped leaves of four test plants, Lantana camara, Ficus virens, Kigelia pinnata 
and Ficus bengalensis and two nematicides, Phorate and Carbofuran on plant growth 
parameters of tomato cv.K25 and on the root knot development. Results revealed that all 
tested treatments significantly improved plant growth parameters and reduced root knot 
development compared to control. Among the tested organic additives, green chopped 
leaves of Lantana camara added to soil gave highest enhancement in plant growth 
parameters, including plant height, fresh and dry weight, number of fruits and fruit 
weight with the values of 94.2 cm, 106.8g, 31.6 g, 7.2g and 153.3 g respectively, as well 
as greater reduction of Meloidogyne javanica reproduction and development but 
exhibiting a lower response as compared to nematicides. 
Odeyemi et al. (2011) conducted a pot experiment to determine the effects of 
organic fertiliser and Chromolaena odorata residue at 1% w/w on the pathogenicity of 
Meloidogyne incognita infecting maize. M incognita significantly reduced the plant 
height, number of leaves per plant, leaf area, cob weight and grain yield in maize by 6.89, 
15.18, 20, 63.92 and 56.16 % respectively. C. odorata residue and organic fertilizer 
significantly suppressed M incognita galling, inhibited the nematode fecundity and 
reduced the number of eggs and juveniles on maize. A remarkable increase in plant 
height, number of leaves per plant, leaf area, cob weight and grain yield were observed 
on maize plants treated with the mixture of C. odorata and organic fertilizer despite 
nematode infection. 
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Husain et al. (2011) conducted a study to test the nematicidal efficacy of four 
medicinal plants viz. Azadirachta indica A.Juss., Calotropis procera (Ait.)R.Br., Datura 
stramonium L., and Tagetes erecta L., for the control of Meloidogyne incognita. All leaf 
amendments at different dosages significantly improved the plant growth characteristics 
of okra and reduced root-knot infections compared with the untreated control. A. indica 
and C procera caused the maximum reductions in number of galls, egg masses and 
reproduction factor (Rf) of the nematode. 
Radwan et al. (2012) conducted a glasshouse experiment to evaluate the 
nematicidal activity of dried ground seeds of Ammi majus, Matricaria chamomilla. 
Ricinus communis, Brassica alba, B. oleracea, Peganum harmala, Solanum nigrum. 
Raphanus sativus and Eucalyptus sp. against the root-knot nematode, Meloidogyne 
incognita, infecting tomato. The powdered seeds of the tested plants were incorporated 
into the soil at the rate of 5 g/kg and their nematicidal activity was compared with that of 
the synthetic nematicide carbofuran at the rate of 0.01 g a.i./kg. The effects of the 
treatments on the growth of tomato were also examined. The populations of M incognita 
in the soil and root galling of tomato were significantly suppressed by the powdered 
seeds of all the plant species tested, with the greatest reduction occurring in soil amended 
with M. chamomilla, followed by soil treated with powdered seeds of A. majus, S. 
nigrum, R. communis and Eucalyptus sp. The efficacy of B. oleracea, B. alba. M. 
chamomilla and R. communis in reducing the number of J2 in the soil was similar to that 
of carbofuran. All amendments, except powdered seeds of M chamomilla and A. majus 
significantly increased shoot length compared to the untreated inoculated plants. Shoot 
weight was significantly increased in soil amended with powdered seeds of B. oleracea, 
B. alba, R. communis, P. harmala and 5. nigrum, but not in soil amended with the other 
seed powders when compared with untreated inoculated soil. Significant increases in root 
length occurred in pots amended with seed powder of B. alba, R. communis and 
Eucalyptus and in root weight for P. harmala. None of the tested dried seeds were 
phytotoxic to tomato plants at the applied rate. 
2.5 Management of root-rot fungi through organic amendments 
Soilborne fungal plant pathogens are among the major limiting factor in 
agricultural productivity, they are often difficult to control with conventional strategies 
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such as use of resistant host cultivars and synthetic fungicides (Bonanomi et al, 2007). 
The use of organic amendments such as animal manure, green manure (incorporation of 
crop residues in soil), composts and peats has been proposed , both for conventional and 
biological systems of agriculture, for the control of the disease and to improve the 
fertility of soil and its structure (Magid et al, 2001; Conklin et al, 2002; Cavigelli and 
Thien, 2003). 
Singh et o/. (1981) reported that root rot of gram caused by Rhizoctonia bataticola 
was significantly controlled by the amendment of soil with wheat straw, maize straw and 
sorghum straws. Amendment of soil with sarson straw was almost ineffective. Organic 
amendments with urd, mung and Trifolium straws increased the disease. It appears that 
perhaps a comparatively high C/N ratio of the organic amendment controls the root rot 
disease of gram. Evidence is also presented which suggest that certain organic 
amendment increase growth of gram. 
Kundu and Nandi (1985) reported that cauliflower damping off caused by 
Rhizoctonia solani was found to be appreciably reduced when population of the pathogen 
and other microflora in soil was manipulated by using powders of commercial cellulose, 
rise stubbles or water hyacinth biomass in combination with NH4NO3 in soil 
amendments. Cellulose powder was most effective in reducing the disease incidence. 
Some of the amendments also promoted seedling growth. Total microbial population as 
well as those showing antagonism to the pathogen in culture increased relatively more in 
amended soil than in non-amended control. In general, when C: N ratio in soil increased 
then bacterial population increased. 
Osunlaja (1990) reported that five organic materials Calopogonium sp., rice 
straw, wood sawdust, fresh guinea grass and poultry manure, were added to soil in a field 
with a recent history of high stalk rot in maize caused by Macrophomina phaseolina and 
Fusarium monoliforme. The two stalk rot organisms reacted differently to organic 
amendments. All the amendments significantly reduced the incidence of Fusarium stalk 
rot disease. Amendment of soil with fresh Calopogonium leaves had almost no effect in 
controlling the incidence oiMacrophomina phaseolina. Organic amendment with poultry 
manure stimulated the disease. The other amendments appeared to be equally effective in 
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checking the disease. Suppression of the disease appeared to be related in increased 
microbial activities. 
Baby and Manibhushanrao (1996) studied the effect of various organic soil 
amendments on arbuscular mycorrhizal (AM) fungal activity on rice plants under 
greenhouse and field conditions with reference to sheath blight disease caused by 
Rhizoctonia solani. AM spore density, percent infection, and intensity of infection were 
increased by organic amendments whilst sheath blight disease was decreased. Certain 
amendments, especially green leaf manure, stimulated arbuscule development in rice 
plants. Mycorrhiza formation and sporulation were higher with healthy rice plants than 
with rice plants infected with R. solani. 
Ehteshamul-haque et al. (1998) studied the effect of organic amendment on the 
efficacy of Pseudomonas aeruginosa in the control of root rot for disease of sunflower. It 
was observed that soil amendment with neem seed cake, cotton seed cake, Datura 
fatuosa and Steochospermum marginatum significantly reduced Fusarium solani, 
whereas neem seed cake and cotton seed cake were effective against Rhizoctonia solani 
and Macrophomina phaseolina while D. fatuosa and S. marginatum against R. solani 
infection on sunflower roots. Pseudomonas aeruginosa significantly controlled root rot 
disease caused by R. solani, M. phaseolina and F. solani. Use of P. aeruginosa, neem 
seed cake and S. marginatum produced greater fresh weight of shoot and plant height 
respectively as compared to their separate use. 
Alam et al. (2002) reported that the extracts of different parts of Vinca rosea and 
Azadirachta indica and smoke of rice straw, wheat straw, tobacco leaf and 'dhup" 
(incense) showed good result for the inhibition of spore / conidial germination of four 
fungi viz., Bipolaris sorokiniana, Fusarium oxysporum f. sp. vasinfectum, Rhizopus 
artocarpi and Botryodiplodia theobromae. Vinca rosea root extract inhibited 100% spore 
germination of Bipolaris sorokiniana and Rhizopus artocarpi when it was immersed for 
5-30 minutes at 5:1.25 (w/v) concentration. A. indica (leaf, root and seed) extract showed 
good 100% inhibition results on B. sorokiniana and R. artocarpi. Smoke of rice straw, 
wheat straw, tobacco leaf and 'dhup' had a great antifungal effect against these fungi. 
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Siddiqui et al. (2002) conducted a study to examine the possible effect of Argemone 
mexicana on root-infecting fungi, fungal community structure and the growth of tomato. 
A. mexicana decaying shoots in soil provided a marked decrease in the infectivity of 
Fusarium solani and Rhizoctonia solani but Macrophomina phaseolina remained 
unaffected. Plant height and shoot growth of tomato plants increased markedly though 
high concentration of ^. mexicana (5% w/w) was deleterious to tomato plants. General 
species diversity of soil fungal communities increased in the amended soils over the 
controls and greater increase in diversity occurred at higher concentrations of decaying yi. 
mexicana. Likewise, equitability and richness components of diversity increased in 
treatments compared to controls but declined with increasing sampling period. 
Aspergillus nidulans, Cephaliophora irregularis, Drechslera halodes, Paecilomyces 
lilacinus and Trichoderma viride were isolated exclusively from the amended soils. 
Aqueous extract of ^. mexicana when applied in soil greatly suppressed all three of the 
above root-infecting fungi, and at lower concentration actually enhanced plant growth. 
The influence of different levels of N-fertilization with NH4NO3 on the modification of 
the effect of decaying A. mexicana on root-infecting fungi was also investigated. N 
fertilization to some extent alleviated the phytotoxicity to tomato plants while 
suppressing the root-infecting fungi. A. mexicana in conjunction with Pseudomonas 
aeruginosa significantly suppressed root-infecting fungi with concomitant increase in 
plant growth. 
Sharma and Trivedi (2002) tested the efficacy of leaf extracts of Datura 
stramonium, Calotropis procera, Verbesena enceloides, Parthenium hysterophorus, 
Morus alba, Phyllanthus amarus, Eichhornea crassipes, Ricinus communis, Jatropha 
curcas, Azadirachta indica, Tinosporia cordifolia, Clerodendron multijlorum, 
Catharanthus roseus and Adhatoda vesica. In the preliminary studies almost all the plant 
species exhibited antifungal property. Plant leaf extracts of Datura stramonium and 
Calotropis procera were found highly significant in reducing the radial growth of the 
pathogen (72.33% and 67.94% respectively). Leaf extracts of Parthenium hysterophorus 
and Ricinus communis (67.52%) and Phyllanthus amarus and Tinospora cordifolia 
(65.82%) showed the same per cent inhibition of the growth of pathogen. The inhibitory 
effect of the plant extracts might be attributed to the presence of some antifungal toxins. 
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Bailey and Lazarovits (2003) reported that the application of organic amendment, 
manures and composts that are rich in nitrogen, may reduce soil borne diseases by 
releasing allelo chemicals generated during product storage or by subsequent microbial 
decomposition. The modes of action for disease suppression are elucidated for a number 
of disease including Verticillum wilt and common scab of potato. Developing disease 
suppressive soils by introducing organic amendments and crop residue management takes 
time, but the benefits accumulate across successive years improving soil health and 
structure. 
Sultana et al. (2005) studied the effect of soil amendment by brown, green and red 
seaweeds in controlling the root rot infecting fungi of okra seedlings in greenhouse. The 
soil amendment with seaweeds, Stokeyia indica, Padina pavonia (brown), Soliera 
robusta (red), at 1% w/w reduced Macrophomina phaseolina, Rhizoctonia solani and 
Fusarium solani infection on okra roots. Codium iyengarii (green) at 0.5% w/w was 
effective against F. solani, while at 1% w/w was found phytotoxic. S. robusta showed 
better control of F. solani infection when used with Pseudomonas aeruginosa then either 
used alone S. robusta produced better plant height and fresh weight of shoot than P. 
aeruginosa. Results of the present study suggest that the use of brown seaweeds S. indica 
and P. pavonia alone and 5'. robusta alone or in combination with P. aeruginosa have 
great potential to control root infecting fungi of okra with enhancement of plant growth. 
These seaweeds alone or in combination with P. aeruginosa may be utilized as biological 
control of root infecting fungi of okra. 
Mukhtar (2005) studied the antifungal effect of aqueous extracts of four plant 
species viz. Azadirachta indica A. Juss., Datura metel L. var. quin que cuspida Torr., 
Ocimum sanctum L. and Parthenium hysterophorus L. in vitro. It was found that all the 
plant extracts at 40% concentration were effective in reducing mycelial growth of F. 
oxysporum f.sp ciceri. Among these plant extracts, A. indica and D. metel inhibited 
fungal growth by 80% even at 10% concentration, both plant extracts had inhibitor) 
effect, while Ocimum sanctum extracts showed low inhibition (60%) as compared to 
other plant extracts. Chemical treatment with Benomyl (50wp) and Carbendazim (50wp) 
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was proved to be most effective against F. oxysporum f sp. ciceri. Results indicated, 
plant extracts had equal potential as fungicides for the reduction of pathogen growth. 
Haseeb et al. (2006) studied the effect of five bioinoculants viz., Aspergillus 
niger, Trichoderma harzianum, Trichoderma virens, Paecilomyces lilacinus and 
Pseudomonas fluorescens at 50kg/ ha each containing 10^  cfu/g culture; five organic 
additives viz., neem {Azadirachta indica) seed power 100kg/ ha, neem {A. indicd) and 
murraya {Murraya koenigii) yard manure and mint {Mentha arvensis) manure @ 
150kg/ha each and two pesticides viz. carbofuran 3G and topsin M 75 wp @ 2 kg a.i/ha 
each, for their effect against chilli wilt inciting pathogen Fusarium oxysporum in vitro 
and under pot conditions. Results revealed that all the treatments significantly inhibited 
the growth of F. oxysporum in vitro under pot conditions, all the treatments also 
significantly improved the plant fresh and dry weights and reduced the percent root 
infection compared to untreated inoculated control. 
Tariq et al. (2006) observed the use of leaves, stem and pneumatophore of 
Avicennia marina in the control of root infecting fungi viz. Fusarium spp., 
Macrophomina phaseolina and Rhizoctonia solani on mash bean and okra plants. 
Germination of seeds, shoot length, root length, shoot weight and root weight were 
significantly increased in both okra and mash bean where A. marina plant parts viz. stem 
and pneumatophore powder was used at 5% w/w. Infection with Fusarium spp., R. solani 
and M. phaseolina was significantly reduced in okra and mash bean plants where soil was 
amended with A. marina plant parts powder 5% w/w. A. marina leaves powder was more 
effective in control of root infecting fungi followed by stem and pneumatophore. 
Dawar et al. (2007) examined the use of aqueous extract of leaves, stem, bark 
and fruit o^ Eucalyptus sp., in the control of root rot fungi viz., Fusarium sp., Rhizoctonia 
solani and Macrophomina phaseolina by paper disc and well methods. R. solani was less 
susceptible than Fusarium sp., and M. phaseolina. Aqueous extract of leaves, stem, bark 
and fruit of Eucalyptus sp. was more effective @ 5% w/v against M. phaseolina, R. 
solani and Fusarium sp. Soil amendment with leaves, stem, bark and fruit of Eucalyptus 
sp. @ 5% w/w showed significant increase in germination, shoot length, shoot weight, 
root length and root weight of chick-pea and mung bean plants. Besides this, the infection 
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by Fusarium sp., M phaseolina, R. solani was also reduced. All parts of Eucalyptus sp.. 
were found equally effective in the control of root infecting fungi. 
Rizk (2008) studied the Phytotoxic effect of Calotropis procera on seedling 
development and rhizosphere microflora of tomato plants grown in soil infested with 
Fusarium oxysporum f sp. lycopersici. Percentage emergence, root and shoot lengths of 
the tomato cultivars Flora-dade, Castle-rock and Strain-B were reduced in the presence 
of F. oxysporum, but combined effect of Calotropis procera residue and fungus 
counteracted the suppressive effect of the pathogenic fungus and improved the 
percentage emergence, root and shoot lengths of tomato seedlings. The treatment of fruit 
residues caused the complete disappearance of the pathogen in the rhizosphere and 
surrounding soil of tomato indicating the high sensitivity of the fungus to phytotoxins of 
Calotropis procera. Significant variations in species composition between treated and 
untreated soil were recorded. Combined treatments of fungus and plant residues 
decreased the microbial populations as compared to fungus alone. 
Ahmed et al. (2009) evaluated the fungicidal potential of seed powder of 
Azadirachta indica A. Juss, Adenantherapavonina L., Leucaena leucocephala (Lam.) de 
Wit and Eucalyptus spp., in the control of root rot diseases caused by Macrophomina 
phaseolina (Tassi) Gold, Rhizoctonia solani KUhn and Fusarium spp., on mungbean 
(Vigna radiata L.) and chick pea (Cicer arietinum L.) plants. The results showed that the 
application of ^. pavonina, L. leucocephala and Eucalyptus spp., @ 0.1 and 1% w/w 
showed significant control of root rot fungi viz., M phaseolina, R. solani and Fusarium 
spp., and enhanced plant growth in term of shoot length, shoot weight, root length and 
root weight on mung bean and chick pea. There was complete suppression of Fusarium 
spp., and R. solani infection on mung bean when soil was amended with seed powder of 
A. pavonina @ 1% w/w. Of the four local trees seed powder used, A. pavonina and 
Eucalyptus spp., @ 0.1 and 1% w/w reduced the infection of root infecting fungi 
followed by L. leucocephala and A. indica. 
Emmanual et al. (2010) conducted an experiment in which leaves & stem extract 
& powder of Sida pakistanica, S. Abedin, and Senna holosericea Fresen were used as 
seed treatment, soil drenching and soil amendment for the control of root rot diseases of 
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okra and mash bean. Results showed that plant growth parameter enhanced and reduced 
the infection of Fusarium spp., Rhizoctonia solani, Macrophomina phaseolina on mash 
bean. Okra seed treatment with leaves & stem extract of 5. pakistanica and S. holosericea 
used @ 25, 50 & 100% w/v showed control of root rot fungi on mash bean & okra, & 
significantly increased the plant growth parameter in terms of shoot weight & root weight 
soil drenching with S. holosericea leaf stem extracts were more effective in control of 
Fusarium spp., R. solani and M phaseolina on mash bean «& okra plant followed by the 
soil and seed treatment with S. pakistanica leaf & stem extracts. Fusarium spp. was 
controlled by stem extract of-S. holosericea @ 50 & 100% w/v. Soil amendment with 
leaves & stem powder of S. pakistanica and 5". holosericea used @ 0.1 & 1 % w/w were 
more effective in control of root infecting fungi on mash bean and okra. 
Rajput et al. (2011) tested the efficacy of different neem {Azadirachta indica A. 
Juss) products i.e. neem oil, neem seed decoction, neem seed without coat, neem seed 
coat and neem leaf extract for in vitro growth of shisham seedlings inoculated with 
Fusarium solani isolated from shisham dieback. Two concentrations (5 and 15%) of each 
neem product were used in the study. Three different methods were employed for neem 
products application that is, spray, direct mixing in soil and injected at root zone of 
shisham seedlings. Neem products used as spray increase the growth of inoculated 
shisham seedlings as compared to injected at root zone or mixed with soil. Neem oil 
(15%) used as spray increased root and shoot length and weight of inoculated shisham 
seedling (28.667 and 34.000 cm) (2.300 and 2.966 g) followed by neem seed decoction 
(25.000 and 29.667 cm) (1.967 and 2.566 g), neem seed without coat (22.667 and 28.333 
cm) (1.867 and 1.900 g) and neem leaf extract (19.000 and 27.667 cm) (1.600 and 1.800 
g) as compared to untreated and inoculated shisham plants (0.332 and 0.766 g), 
respectively. All the neem products showed significant reduction in the growth of 
shisham seedlings. Neem oil, neem seed decoction, neem seed without coat and neem 
leaf extract also decreased percent disease intensity as compared to untreated control. The 
results indicated that neem products have potential for the management of shisham 
dieback. 
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Ahmed et al. (2012) evaluated the effect of manuring on root rot disease caused 
by Fusarium solani and agronomic characters of groundnut. The experiments comprised 
7 treatments viz. (1) control (un-amended) (2) Fusarium solani (FS) inoculated (3) 
poultry manure + FS inoculated (4) farmyard manure + FS (5)cattle manure + FS (6) 
Brassica campestris straw + FS (7) Cicer arietinum straw + FS. In Fusarium inoculated 
control, disease incidence and plant mortality was 85 and 22.2%, respectively whereas, 
disease incidence and plant mortality were 0% in non inoculated control. It was 
concluded that all the manuring treatments managed the disease to variable extent and 
influenced agronomic characters of groundnut. Poultry manure was the most effective in 
disease management followed by cattle manure. 
2.6 Management of disease complex of root-knot nematode and root-rot fungus 
through organic amendment 
Use of plant residues and organic amendment has been recognized as an effective 
way of achieving substantial population reduction of plant pathogenic life forms like 
fungi, bacteria, nematodes etc. (Patrick & Tussoun, 1965). Plant residues or organic 
amendments have been reported to check the population of the pathogens through a 
variety of mechanisms (Patrick and Toussoun, 1965; Sayre et al., 1964; Cook, 1977; 
Sitaramaiah, 1990). 
Walia et o/.(1994) studied the effect of green manuring on Rhizoctonia and Root-
knot nematode complex on tomato and observed that the growth of tomato (cv.HS-101) 
plants was significantly increased in soil amended with subabool {Leucaena 
leucocephala) and neem (Azadirachta indica) leaves compared to un-amended control. 
Meloidogyne javanica population (number of galls and egg masses) was also reduced in 
amended soil. Neem decreased the incidence of both Rhizoctonia bataticolu and 
Rhizoctonia solani in the treatment where nematodes were inoculated one week earlier 
than the fungus, whereas subabool reduced fungal disease only in treatment where R. 
solani was inoculated alone. 
Ehteshamul-haque et al. (1996) reported that the use of Verticillium 
chlamydosporium, Paecilomyces lilacinus, Rhizobium meliloti or soil amendment with 
Stoechospermum marginatum seaweed controlled the infection of Meloidogyne javanica 
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(root knot nematode) & Macrophomina phaseolina, Rhizoctonia solani and Fusarium 
solani infection of okra. Neem cake & Datura powder were also effective against M 
javanica and M. phaseolina infection. The combined use of V. chalmydosporium and 
neem cake completely controlled the M.javancia infection. The greatest height and fresh 
weight of shoot were produced when R. meliloti was used with sea weed followed by 
neem cake. 
Siddiqui et al. (2000) evaluated the effect of Pseudomonas aeruginosa, a plant 
growth promoting rhizobacterium and Memnoniella echinate, a fungal antagonist used 
separately or in combination in soil amended with neem cake and/or chemical fertiliser 
and found that there was significant suppression of root infecting fungi viz. 
Macrophomina phaseolina, Fusarium solani and Rhizoctonia solani and root knot 
nematode Meloidogyne javanica in mung bean. Soil amendment increased biocontrol and 
growth promoting potential of P. aeruginosa and M echinata. 
Agbenin et al. (2004) Evaluated neem seed powder for Fusarium wilt and 
Meloidogyne control on tomato and inoculated tomato variety Roma VF with 
Meloidogyne and Fusarium, and treated with 2 g/kg soil neem seed powder in the 
screenhouse and 2 Mg ha71 in the field. An untreated and Furadan treated plot in the 
field served as control. Neem seed powder significantly reduced the disease severity of 
Fusarium and root-knot in both screenhouse and field. Results suggest the possible use of 
neem seed powder for control of the root-knot nematodes - Fusarium wilt disease 
complex. 
Sultana et al. (2008) studied the suppression of rot rotting fungi and root knot 
nematode of chilli by seaweeds and Pseudomonas aeruginosa and observed that solvent 
fraction (i.e.n-hexane, chloroform and methanol) of the ethanol extracts of seaweeds 
Codium iyengarii, Jania capillacea, Stokeyia indica and Solieria robusta caused more 
than 50% mortality of Meloidogyne javanica juveniles within 24 h at 10 mg/ml. 
Nematode mortality increased with an increase in fraction concentration or exposure 
time. The n-hexane fractions from S. indica, J. capillacea and C. iyengarii and the 
chloroform fraction from S. robusta also resulted in more than 50% mortality within 48 h 
at l.Omg/ml. In a screen house experiment application of S. indica and S. robusta as soil 
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amendments alone or with P. aeruginosa, a plant growth promoting rhizobacterium. 
significantly suppressed infection of chilli roots by root infecting fungi Macrophomina 
phaseolina, Rhizoctonia solani, Fusarium solani and the root knot nematode 
Meloidogyne incognita. Seaweed alone or with PGPR also increased plant growth. 
Suppressive effect on root pathogens and growth enhancement potential of seaweeds and 
P. aeruginosa were also effective in field plots. 
Tariq et al. (2008) studied the effect of leaves, stem and pneumatophore of 
Avicennia marina and leaves and stem of Rhizophora murconata as the organic 
amendments at 0.1, 1 and 5 % concentration in the control of root rot fungi like 
{Fusarium spp. & Macrophomina phaseolina and root knot nematode Meloidogyne 
javanica on potato. In pot experiments, germination of seeds, shoot length, shoot weight 
root length, root weight & number of knots were significantly increased when plant parts 
like leaves, stem and pneumatophore of A. marina and R. mucronata were used at 1 and 
5% concentrations. There was a complete suppression in infection of R. solani and M. 
phaseolina when A. marina & R. mucronata were used at 5% concentration on potato. 
Maximum inhibition of knots of M javanica was observed when powder made from 
mangrove plant parts was used at 1 & 5% concentrations. Powder from all plant parts. 
like leaves, stem and pneumatophore, was effective in suppression of root infecting fungi 
and root knot nematode. 
Safiuddin and Shahab (2010) studied ten botanicals for the management of 
disease complex of Meloidogyne incognita and Rhizoctonia solani on okra under green 
house conditions. A significant improvement in plant growth parameters was observed 
with these treatments. The plants treated with chopped leaves of marigold showed 
greatest reduction in the disease intensity complex involving M.incognita and R. solani. 
followed by Aak, Datura, Castor, Dudhi, Peeli katili, Parthenium, Sadabahar. Makoi and 
kaner have no significant effect on plant growth parameters. 
Faruk et al. (2011) conducted a field experiment in two consecutive years to find 
out the efficacy of poultry refuse (PR), mustard oilcake (MOC), and Furadan 5G for the 
management of root-knot disease {Meloidogyne incognita) of tomato. Soil was treated 
with PR @ 3 and 5 t/ha, MOC @ 0.3 and 0.6 t/ha 3 weeks before transplanting and 
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Furadan 5G @ 40 kg/ha on the day of transplanting of tomato seedlings. PR @ 3 t/ha and 
MOC @0.3 t/ha were applied alone and also mixed with Furadan 5G @ 20 kg/ha. The 
soils of the experimental plots were inoculated with chopped severely galled (M 
incognita) roots of tomato at the time of treatment application. In both the years, 
considerable reduction in root knot disease and increase in plant growth and fruit yield 
were achieved with different treatments with two organic materials applied alone or 
mixed with Furadan 5G. The most effective treatment was PR @ 3 t/ha + Furadan 5G @ 
20 kg/ha followed by PR alone @ 5 t/ha. Efficacy of PR @ 3 t/ha and MOC @ 0.6 t/ha 
were also appreciable. In first year and second year, gall index values were 6.50 and 6.27 
under control, respectively. The severity was reduced to 2.27-4.00 in first year and 1.73-
4.07 in second year due to application of the four treatments. On the other hand, fruit 
yield under control was 50.9 t/ha at first year and 47.6 t/ha in second year. The highly 
effective four treatments increased fruit yield to 71.1-82.5 t/ha in first year and 60.8-82.0 
t/ha in second year. The fruit yield of tomato was directly and linearly correlated with 
gall indices in tomato gall. Based on findings of the study PR @ 3 t/ha + Furadan @20 
kg/ha and PR alone @ 5 t/ha were noted as effective treatment to manage root-knot 
disease of tomato. 
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3. MATERIAL AND METHODS 
A pot experiment was conducted under natural conditions of net-house in the 
department of botany. The aim of this experiment was to study the pathogenicity, and 
interaction of most widely occurring pathogens i.e. root-knot nematode Meloidogyne 
incognita (Kofoid and White) Chitwood and root-rot fungus Fusarium solani (Mart.) 
Sacc. on an important vegetable host plant, chilli {Capsicum annuum Linn.) variety 
"Japani longi". The effect of organic amendments on the growth of chilli plant was 
studied for the management of disease complex. 
3.1 Preparation and sterilization of soil mixture 
Sandy loam soil collected from A. M. U Campus was sieved through 16 mesh 
sieve and mixed with sieved sand and organic manure in the ratio of 3:1:1. 
respectively. Throughout the course of studies, 6 inch earthen pots were filled with 
the soil mixture at the rate of 3 kg/pot. A little amount of water was poured to just wet 
the soil before transferring it to an autoclave for sterilization at 20 lb pressure/inch" for 
20 minutes. Sterilized soil was allowed to cool down at room temperature before use 
for experiment. 
3.2 Raising and maintenance of test plant 
Seeds of chilli were surface sterilized with 0.1% mercuric chloride (HgCh) for 
2 minutes and subsequently rinsed with sterilized distilled water and then sown in 
pots containing autoclaved soil. Twenty one day old seedlings were used for 
inoculation. Un-inoculated plants served as control. The pots were arranged in a 
factorial block design and each treatment was replicated 5 times. Plants were watered 
as and when required. 
3.3 Raising and preparation of nematode inoculum 
The pure culture of Meloidogyne incognita was raised and maintained on 
brinjal plants {Solanum melongena L.) using a single egg mass collected from 
severely infected roots of brinjal plants. The species of root knot nematode was 
identified on the basis of perineal pattern of some of the females from which the egg 
masses were picked up. The egg mass was surface sterilized by treating it with 1:500 
aqueous solution of Chlorox (Calcium hypochlorite) for 5 minutes and then washed 
thrice with sterilized distilled water. The eggs in the egg mass were allowed to hatch 
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out at 28+2°C under aseptic conditions on a sieve layered with tissue paper (Den 
Ouden, 1958). The sieve was placed over Petri dish (10cm in diameter) containing 
distilled water. Seedlings of brinjal grown in 12 inch clay pots, containing sterilized 
soil were inoculated with the second stage juveniles so obtained. Nematodes were 
extracted from the soil after two months, according to Cobb's sieving and decanting 
method followed by 'Baermann funnel technique' (Southey, 1986). Nematodes so 
obtained were used for inoculating fresh brinjal seedlings growing in 12" clay pots 
containing sterilized soil. Second stage larvae of root knot nematode infected the roots 
and multiplied. 
After 2-3 months, the egg masses from heavily infected roots of brinjal plants 
on which pure culture of Meloidogyne incognita was maintained were handpicked 
with the help of sterilized forceps. These egg masses after being washed in distilled 
water were placed in sieve with a layer of double tissue paper. Later the sieve was 
placed in Petri dish containing water just touching its lower portion. A series of such 
assemblies were kept to get required number of second stage juveniles for inoculation. 
After every 24 hours the hatched out larvae were collected along with water from the 
Petri dish in a beaker and fresh water was added to the Petri dishes. 
The water suspension of root-knot nematode was thoroughly stirred for 
making homogenous distribution of nematodes before taking 2ml of suspension in the 
counting dish. The counting of nematodes was done with the help of stereoscopic 
microscope. An average of five counts was taken to determine the density of 
nematodes in the suspension. Volume of water in the nematode suspension was so 
adjusted that each ml contained about 100 nematodes, which was done by either 
adding more water or decanting the excess amount of water so that 10ml of this 
suspension contained 1000 second stage juveniles of root-knot nematode. 
3.4 Collection of the fungus, Fusarium solani 
The Fusarium solani fungus was brought from Indian type culture collection 
of Plant Pathology lARI, New Delhi, then small bits of this fungus were transferred in 
10 Petri dishes and 20 culture tubes filled with sterilized potato dextrose agar (PDA) 
culture media. The composition of PDA was as follows. 
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Peeled and slices 
Dextrose 
Agar-Agar 
Distilled water 
d potato 200 g 
20 g 
20 g 
1000 ml 
Petri dishes and culture tubes were incubated at 28+2°C for 10 days. The 
fungus which developed on culture media were examined and identified. After 
confirmation of fungus as Fusarium solani, its pure culture was prepared and 
maintained. 
3.5 Raising and maintenance of fungal culture 
The isolated fungus viz., Fusarium solani was further raised on Richard's 
liquid (Riker and Riker, 1936) medium having the following composition. 
Potassium nitrate - 10.00 g 
Potassium dihydrogen phosphate - 5.00 g 
Magnesium sulphate - 2.50 g 
Ferric chloride - 0.02 g 
Sucrose - 50.00 g 
Distilled water - 1000 ml 
The medium was prepared and sterilized in an autoclave at 15 lb 
pressure/inch for 15 mmutes in 250 ml Erlenmeyer flasks, each flask contammg 
about 80 ml of Richard's liquid medium. Small bits of the mycelium of the fungus 
were transferred to the conical flasks. Inoculated flasks were incubated at 28+2"C for 
about 15 days to allow growth of the fungus. The pure culture of the fungus was 
continuously maintained on PDA contained in the test tubes by re-inoculation of the 
fiingus after every 15 days. 
3.6 Preparation of fungal inoculum 
After incubating the conical flasks for about 15 days, the liquid medium was 
filtered through Whatman filter paper No.I, the mycelial mat was washed in distilled 
water to remove the traces of medium and genfly pressed between the folds of blotting 
paper to remove the excess amount of water. Inoculum was prepared by mixing 10 g 
'CI 
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fungal mycelium in 100 ml of sterilized distilled water and blending it for 30 seconds 
in a waring blender. Thus each 10ml of this suspension contained 1.0 g of the fungus. 
3.7 Inoculation techniques 
21 days old plants were used for inoculation. Just before inoculation, roots of 
chilli seedlings were exposed by carefully removing the top layer of soil and the 
required quantity of nematode suspension and fiingus inoculum was poured uniformly 
all around the exposed roots using sterilized pipette. Exposed roots were immediately 
covered with soil properly. Un-inoculated plants served as control. Each treatment 
was replicated five times. Plants were watered as and when required. 
3.8 Studies on the pathogenicity of Meloidogyne incognita and Fusarium soiani 
on chilli 
In order to determine the inoculum threshold of root-knot nematode i.e level of 
the inoculum capable of causing significant damage, the seedlings of chilli were 
inoculated with 250, 500, 1000, 2000, 4000 and 8000 freshly hatched juveniles of M 
incognita. Similarly, to determine the inoculum threshold level of Fusarium soiani, 
the seedlings of chilli were inoculated with 0.25, 0.50, 1.00, 2.00, 4.00 and 8.00 g 
mycelial mat of the fiangus / plant. 
3.9 Effect of individual, concomitant and sequential inoculation of Meloidogyne 
incognita and Fusarium soiani on chilli 
In case of multi-pathogenic infection on host plant inter-pathogenic 
competition for food and survival are very much expected. In order to study the effect 
of early establishment of either of the two test pathogen on plant growth characters, 
nematode multiplication and root rotting, chilli seedlings were inoculated with two 
test pathogens (M incognita and F. soiani) individually and in their various 
combinations of simultaneous, pre and post inoculations. Un-inoculated plants were 
kept as control. Inoculations were made according to the following scheme: 
1. Un-inoculated (control) 
2. Inoculated with M incognita 
3. Inoculated with F. soiani 
4. F. soiani inoculated 15 days prior to M incognita 
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5. M. incognita inoculated 15 days prior to F. solani 
6. Concomitantly inoculated with M. incognita and F. solani. 
3.10 Recording of observations 
3.10.1 Plant Growth Determination 
Plant growth was determined on the basis of length, fresh and dry weight of 
plants. Plants were uprooted after 75 days of inoculation and roots were washed 
thoroughly in slow running tap water. Most care was taken to avoid loss and injury of 
root system during the entire operation. For measuring length, fresh and dry weight. 
the plants were cut with a sharp knife just above the base of root emergence. Length 
of shoot and root was recorded in centimeters from the cut end to the tip of first leaf 
and the longest root respectively. For measuring dry weight, the shoot and root were 
kept in envelops separately for drying in an oven running at 80°C for 24 hours and the 
weight was recorded in grams. For interpretation of results, the reduction in plant 
growth was calculated in terms of percentage reduction for all plant growth 
parameters. 
3.10.2 Root-knot and root-rot estimation 
The galls produced by root-knot nematode (Meloidogyne incognita) were 
estimated by counting the number of galls per root system. The root rot estimation 
was done by taking percentage of rotting per root-system. 
3.10.3 Nematode population estimation 
For extraction of nematodes, the soil from the pot of each treatment was mixed 
thoroughly and a sub-sample of 200gm soil was processed through sieves according 
to Cobb's sieving and decanting method followed by 'Baermann funnel technique'. 
The nematode suspension was collected in a beaker and volume made up to 100ml. 
For proper distribution of nematodes, the suspension was bubbled with the help of 
pipette and 2ml suspension from each sample was drawn and transferred to a counting 
dish. The number of nematode were counted in three replicates for each sample. Mean 
of three such countings was calculated and the final population of nematodes per kg 
soil was determined. 
To estimate the nematode population in roots, l.Og root from each replicate 
was macerated with enough water in an electrically operated waring blender for about 
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30 to 40 seconds. The macerate was collected in a beaker and the volume was made 
up to 100ml. The nematode population was calculated as described above. 
Reproduction factor (Rf) of root knot nematode was calculated by the formula 
Rf=Pf/Pi where "Pf' represented the final and "Pi" initial population of the nematode. 
3.11 Effect of botanicals on the growth parameters of chilli 
Chopped leaves of Raimuniya {Lantana camara Linn.), Aak {Calotropis 
procera (Ait.) Ait.f.), Castor (Ricinus communis Linn.), Dhatura (Datura stramonium 
Linn.), Dudhi (Euphorbia hirta Linn.), Lemon grass (Cymbopogon citratus (DC) 
Stapf.) , Jaramla (Phyllanthus nirui Hook.f.(Fl.Br.Ind.)) , Sadabahar (Catharanthus 
roseus Linn.j, Tulsi (Ocimum sanctum Linn.) and Congress grass (Parthenium 
hysterophorus Linn.) were used as organic amendment. These organic materials 
separately mixed with soil @ 20g/kg soil. The pots were watered after treatment to 
ensure proper decomposition of organic matter. After two weeks of waiting period, 
seeds of chilli were sown in these pots. After 21 days, these seedlings were 
simultaneously inoculated with 1000 freshly hatched second stage juveniles of M. 
incognita (Kofoid and White) Chitwood, and Ig mycelium of Fusarium solani 
(Mart.) Sacc. There were five replicates for each treatment including the untreated 
un-inoculated and untreated inoculated control. 
The experiments were terminated after 75 days of inoculation. The plants were 
carefully uprooted and the roots were washed gently and thoroughly under running 
tap water. The improvement in plant growth parameters was studied and compared 
with control. The different plant growth parameters including length in terms of 
cenfimeters (cm) and fresh weight in terms of grams (g) of shoots and roots were 
determined separately. Before taking the weight, the shoots and roots are kept in 
blotting sheets to remove excess amount of water. Reproduction factor (Rf) of root-
knot nematode was calculated by the formula of Oostenbrink (1966) as follows: Rf= 
Pf/Pi where "Pf represented the final population and "Pi" initial population of 
nematode. 
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3.12 Statistical analysis 
Data was analyzed by one-way analysis of variance (ANOVA) and LSD was 
calculated at p=0.05 and p=0.01 to test for significance. The analysis was performed 
with the software R (R Development Core Team 2011). 
S^ 
4. RESULTS 
4.1 Effect of different inoculum levels of Meloidogyne incognita on the growth 
parameters of chilli. 
It can be concluded from the data presented in Table and Fig. 1 that the 
reduction in plant growth characters of chilli were directly proportional to the 
inoculum levels of M incognita i.e. with increasing inoculum levels from 250 to 8000 
second stage juveniles of Meloidogyne incognita there was a corresponding increase 
in the percentage reduction of plant growth characters of chilli. 
The inoculation of plant with 250, 500, 1000, 2000, 4000 and 8000 Ja/plant 
resulted in 2.65, 6.19, 19.46, 30.44, 36.81 and 42.12 percent reduction respectively in 
the length of the plant. However, inoculum level up to 500 J2/pIant did not show any 
significant reduction in plant length. Significant reduction in plant length was 
recorded at and above 1000 J2/plant. 
Similar result was found regarding the fresh weight of the plant, which was 
found to be 3.30, 9.40, 23.23, 30.02, 36.30 and 41.78 at the inoculum levels of 250, 
500, 1000, 2000, 4000 and 8000 Ja/plant respectively. Significant reduction in fresh 
weight of the plant was recorded at and above 1000 J2/plant. 
Percentage reduction in dry weight of the plant was found to be 1.62, 9.76, 22.76, 
31.70, 39.02 and 43.90 at the inoculum levels of 250, 500, 1000, 2000, 4000 and 8000 
J2/plant respectively. Significant reduction in plant growth was recorded at and above 
1000 J2/plant, before that there was no significant reduction in plant growth 
parameters. The reduction in fresh weight of plant was not significant between 1000 
and 2000 J2 inoculum level. Further it was observed that the reduction in plant growth 
i.e. length, fresh and dry weight was not significant between the inoculum levels of 
2000 and 4000 and 4000 and 8000 J2/plant. 
4.2 Effect of different inoculum levels of M. incognita on nematode 
multiplication. 
It is evident from the data presented in Table and Fig. 2 that the final 
population of M. incognita was highest (i.e. 20606) in and around plants inoculated 
with 8000 nematodes/plant and lowest (i.e. 4180) in and around plants inoculated with 
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Results 
250 nematodes /plant. The multiplication of root-knot nematode significantly reduced 
with the increase in the inoculum levels. The reproduction factor (Rf) was highest 
(16.72%) at the minimum inoculum level (250 J2/plant) and lowest (2.58%) at the 
maximum inoculum level (8000 J2/plant). 
The number of galls/root system was recorded as 29, 52, 123,156, 175 and 187 
at the inoculum levels of 250, 500, 1000, 2000, 4000 and 8000 J2/plant respectively. 
Wherever the gall rating was high the reproduction factor was low. There was a 
corresponding decrease in reproduction factor with an increase in number of galls/root 
system. The damaging threshold level of M. incognita on chilli was found to be 1000 
J2/plant. 
57 
Results 
4.3 Studies on the pathogenicity of root-rot fungus Fusarium solani on chilli. 
It is evident from the data presented in Table and Fig. 3 that no significant 
reduction in plant growth parameters took place up to 0.50 g mycelial mat of 
Fusarium solani as compared to control. Moreover, the reduction in plant growth 
parameters was increased with an increase in the inoculum levels from 0.25 to 8.00 g 
mycelial mat/plant. Inoculation of plant with 0.25, 0.50, 1.00, 2.00, 4.00 and 8.00 g 
mycelial mat/plant resulted in 1.24, 3.36, 15.04, 21.77, 28.14, and 31.68 percent 
reduction respectively in the length of the plant. 
Percent reduction in fresh weight of plant was found to be 1.06, 4.44, 16.71, 
25.33, 30.03 and 33.42 at the inoculum levels of 0.25, 0.50, 1.00, 2.00, 4.00 and 8.00 
g mycelial mat/plant respectively. 
Percentage reduction in dry weight of the plant was found to be 1.63, 4.07, 
15.45, 19.51, 22.76 and 26.02 at the inoculum levels of 0.25, 0.50, 1.00, 2.00, 4.00 
and 8.00 g mycelial mat/plant respectively. The significant reduction in plant growth 
parameters was observed at and above 1.00 g mycelial mat/plant. However the 
reduction in dry weight of chilli was not significant between 1.00 g and 2.00 g 
inoculum level. Also, the reduction in plant growth was not significantly different 
between the inoculum levels of 2.0 and 4.0 and also at 4.0 and 8.0 g mycelial 
mat/plant. 
Similarly, the percentage of root-rot/root system was also increased with an increase 
in inoculum levels. It was recorded as 1.18, 2.76, 13.54, 18.66, 22.24 and 25.33 in the 
plants inoculated with 0.25, 0.50, 1.00, 2.00, 4.00 and 8.00 g mycelial mat/plant 
respectively over control, indicating that the threshold level of Fusarium solani on 
chilli was 1.00 g mycelial mat/plant. Significant reduction in all plant growth 
parameters i.e., length, fresh and dry weight of the plant was found at and above 1.00 
g mycelial mat/ plant. 
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Results 
4.4 Studies on the interaction of root-knot nematode M. incognita and root-rot 
fungus F. solani on plant growth parameters of chilH 
It is evident from the Table and Fig.4 that the inoculation of chilli seedlings 
with Meloidogyne incognita (Mi) and Fusarium solani (Fs) individually. 
concomitantly and sequentially caused significant reduction in plant growth 
characters as compared to un-inoculated plant (control). The reduction in plant 
growth characters i.e. length, fresh and dry weight of the plant was recorded as 21.39, 
23.47 and 22.31 respectively in the plants individually inoculated with M incognita. 
Similarly, the percent reduction was found as 9.32, 12.53 and 9.09 for length, fresh 
and dry weight respectively as compared to control, in the plants inoculated with F. 
solani. M. incognita was found more damaging than F. solani on chilli. 
Moreover, the greatest reduction in plant growth parameters was caused by the 
simultaneous inoculation of M incognita and F. solani (Mi+Fs) followed by 
sequential inoculation of nematode 15 days prior to fungus (Mi^Fs), and fungus 
inoculation 15 days prior to nematode (Fs—>Mi).The reduction in plant growth 
characters viz., length, fresh and dry weight of the plant was recorded as 57.59, 58.67 
and 51.24 when the plants were simultaneously inoculated with M incognita and F. 
solani. Inoculation of nematode 15 days prior to fungus led to 44.42, 42.93 and 38.84 
percent reduction in plant growth parameters. Reduction in length, fresh weight, and 
dry weight were shown to be 35.47, 34.13, 28.10 when the plants were inoculated 
with fungus 15 days prior to nematode. Simultaneously as well as sequential 
inoculation of both pathogen caused more reduction in plant growth characters as 
compared to the damage caused by either pathogen alone. Minimum reduction in 
plant growth characters was recorded in the treatment which received the treatment of 
fungus alone. 
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4.5 Effect of individual, concomitant and sequential inoculation of M. incognita 
and F. solani on multiplication of nematode on chilli 
The final nematode population of M incognita was highest (i.e., 12928) in and 
around plants inoculated with nematode only having the Rf (12.93) and lowest (i.e., 
6858) in and around plants in sequential inoculation where fungus was inoculated 15 
days prior to nematode (Fs->Mi) having the Rf (6.86). In sequential inoculation, 
nematode population was more where nematode was inoculated 15 days prior to 
fungus (Mi->Fs) i.e. 10670 having the Rf (10.67). In concomitant inoculation 
(Mi+Fs) nematode population was 8960 having Rf (8.96). Multiplication of the 
nematode was significantly reduced in the presence of the fungus. Maximum galling 
(i.e.l32/root system) was observed when nematode was inoculated alone and 
minimum number of galls was recorded in fiingus inoculated prior to nematode 
(Fs^Mi) i.e.56/root system treatment (Table and Fig. 5). 
4.6 Effect of individual, concomitant and sequential inoculation of M. incognita 
and F. solani on intensity of root-rot on chilli 
The intensity of root-rot/root system caused by F. solani was increased in the 
presence of root-knot nematode M. incognita as compared to when F. solani was 
inoculated individually. The highest root-rot (52.70%) was recorded in concomitant 
inoculation (Mi+Fs), followed by sequential inoculation where nematode was 
inoculated 15 days prior to fungus (Mi^^Fs) (38.70%) and F. solani 15 days prior to 
M incognita (Fs->Mi) (31.56%). Minimum root rotting (15.50%) was observed when 
fungus was inoculated alone (Table and Fig.5). 
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Results 
4.7 Effect of organic amendment with chopped leaves (fresh) of ten botanicals 
on the plant growth parameters of chilli in the presence of concomitant 
inoculation of M incognita and F. solani 
It can be concluded from Table and Fig.6 that the concomitant inoculation of 
chilli seedlings with Meloidogyne incognita and Fusarium solani caused significant 
reduction in plant growth characters viz., plant length, fresh and dry weight of the 
plant and was found 58.12, 60.16 and 59.32 percent respectively as compared to 
control (uninoculated- unamended). 
The concomitant inoculation of plants with M incognita and F. solani and 
either of organic amendments viz., Raimuniya {Lantana camara Linn.). Aak 
{Calotropis procera (Ait.)Ait.f), Castor (Ricinus communis Linn.), Dhatura (Datura 
stramonium Linn.), Dudhi (Euphorbia hirta Linn.), Congress grass (Parthenium 
hysterophorus Liim.), Lemon grass (Cymbopogon citratus (DC) stapf), Sadabahar 
(Catharanthus roseus (Linn.) G.Don) significantly reduced the damage in terms of 
plant growth parameters viz., length, fresh weight and dry weight of plants as 
compared to the plants inoculated with Meloidogyne incognita and Fusarium solani 
only. The highest improvement in growth parameters was recorded in the plants 
treated with Raimuniya followed by Aak, Castor, Dhatura, Dudhi, Congress grass, 
Lemon grass, Sadabahar. In corresponding treatments, the percentage reduction in 
length was recorded as 20.67, 23.06, 28.04, 31.37, 34.50, 35.98, 47.04, 49.40 
respectively, fresh weight as 29.54, 37.13, 39.83, 41.20, 43.60, 44.71, 52.84, 54.47 
and dry weight as 16.10, 29.67, 38.98, 41.53, 42.37, 44.92, 48.31, 50.00 percent 
respectively and percentage improvement in all the growth parameters was found to 
be significant over control. However there was no significant variation in plant 
growth parameters in the soil amended with chopped leaves of Jaramla (Phyllanthus 
niruri Hook.f(Fl.Br.Ind.)) and Tulsi (Ocimum sanctum Linn.) as compared to 
(inoculated-unamended) control. Reduction in plant growth was found to be 52.58 
and 56.08 for length, 56.10 and 58.00 for fresh weight and 55.08 and 56.78 for dry 
weight in Jaramla and Tulsi respectively. The highest significant improvement in the 
plant growth parameters viz., length, fresh and dry weight was recorded in the plants 
grown in soil amended with Raimuniya leaves and the lowest significant 
improvement was recorded in the plants grown in soil amended with Sadabahar 
leaves. 
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4.8 Effect of soil amendments with chopped leaves (fresh) of ten botanicals on 
the multiplication of root- knot nematode M. incognita 
Table and Fig. 7 indicates that multiplication rate of Meloidogyne incognita 
was greatly reduced in the amended pots as compared to the inoculated and un-
amended control. Minimum number of galls was reported in soil amended with 
Raimuniya leaves where it was found as 34 galls/root system as compared to control 
(inoculated-unamended) where 72 galls/root system were observed. Similarly the 
number of galls were significantly reduced in other treatments also i.e. Aak, Castor, 
Dhatura, Dudhi, Congress grass, Lemon grass, Sadabahar where it was found to be 
38, 41, 44, 47, 51, 52 and 58 respectively. The total population of nematode was 
significantly reduced in soil amended with the fresh chopped leaves of Raimuniya, 
Aak, Castor, Dhatura, Dudhi, Congress grass, Lemon grass and Sadabahar where it 
was found to be 4443, 4890, 5170, 5583, 6067, 6654, 7914 and 8040 respectively as 
against control (inoculated-unamended) where it was found to be 8998. In case of 
soil amended with Jaramla and Tulsi there were no significant differences in the 
number of galls/root system, and population of nematode as compared to control. 
The highest reduction in the reproduction factor (Rf) of Meloidogyne 
incognita was observed in plants where soil was amended with Raimuniya leaves 
followed by Aak, Castor, Dhatura, Dudhi, Congress grass. Lemon grass, Sadabahar 
where it was found to be 4.45, 4.89, 5.17, 5.59, 6.07, 6.65, 7.92 and 8.04 respectively 
as against control (inoculated-unamended) where reproduction factor was 9.00 
(Table and Fig.7). 
4.9 Effect of organic soil amendments with chopped leaves (fresh) ten botanicals 
on root-rot caused by F. solani 
The severity of root-rot caused by Fusarium solani was reduced by the 
application of organic amendments viz., Raimuniya, Aak, Castor, Dhatura, Dudhi, 
Congress grass. Lemon grass, Sadabahar. The highest reduction in root-rot was 
recorded in the soil amended with Raimuniya followed by Aak, Castor, Dhatura, 
Dudhi, Congress grass. Lemon grass, Sadabahar and it was found to be 27, 33.20, 
36.80, 38.00, 39.10, 41.00, 43.06 and 47.20 respectively as against control 
(inoculated-unamended) where percent rotting was 51.6 (Table and Fig.7). 
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Fig,7. Effect of organic amendment with chopped leaves of ten selected 
botanicals on multiplication of root knot nematode and root rot fungus on 
chilli in the presence of concomitant inoculation of Meloidogyne incognita 
and Fusarium solani 
Results 
Percentage rotting in treatment with Jaramla and Tulsi was non-significant 
51.40 % as against control (inoculated-unamended) where it was reported 51 %. 
There was direct co-relation between nematode population and intensity of 
root-rot/root system. Where ever nematode population was high percentage of 
rotting/root system was also high. 
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Chilli is an important vegetable cum spice crop of India. It has medicinal 
properties and contains proteins, vitamins and ascorbic acid. Productivity of chilli in 
the world is 14.4 t/ha but in India it is 9.18 t/ha (FAO, 2003). The reduction in 
productivity of chilli is due to plant pathogenic organisms. Root knot nematode 
Meloidogyne incognita (Kofoid and White) Chitwood is a serious pest of vegetables 
and is one of the major limiting factors affecting chilli production in India (Nagnathan 
1984; Jain, 1992; Ahmad and Khan, 2004). Fusarium species is an imperfect fungus 
and occurs as a soil borne facultative parasite in nature. Major species of this fungus 
have been reported to cause seed rot, damping off and root rot of vegetables, fruits, 
ornamentals, fibre crops and forest trees (Beckman, 1987; Hillocks and Waller, 1997; 
Sen, 2000; Zemankova and Labeda, 2001; Weller et al, 2002). 
Pathogens generally are capable of attacking susceptible hosts and producing 
particular type of symptoms associated with a particular type of disease. Among 
these, nematodes are seen as one of the most common type of pathogens present in 
soil. Losses caused by nematodes are apparent and enormous and when these are in 
association with other pathogens at times they become completely devastating. A 
disease complex is produced through interaction between organisms. Interaction may 
be of different type such as synergistic interaction which is positive interaction where 
an association between nematode and pathogen results in plant damage exceeding the 
sum of individual damage by pest pathogen, conversely, where an association 
between pathogens results in plant damage less than that expected from the sum of 
individual organism, may be described as antagonistic. The third type of interaction 
is where pathogens are known to interact and are shown to cause plant damage that 
equates to the sum of individual damage by pest pathogen, the association is described 
as neutral. 
In the present study main emphasis has been given to nematode-fungus 
interaction and nematicidal and antifungal activities of leaves of ten selected plants 
against root-knot nematode Meloidogyne incognita (Kofoid and White) Chitwood and 
root-rot fungus Fusarium solani (Mart.) Sacc. on Chilli. 
Discussion 
The first experiment was conducted to test the pathogenicity of Meloidogyne 
incognita and Fusarium solani on the test plant to determine the inoculum threshold 
levels. 
To determine the inoculum threshold level of Meloidogyne incognita, the 
seedlings of chilli were inoculated with different inoculum levels (250, 500. 1000. 
2000, 4000 and 8000 J2/plant) of the root-knot nematode M incognita. There was no 
significant variation in plant growth parameters upto 500 J2/plant, but it was clearly 
found that percent reduction in plant gradually increased with the increase in the 
inoculum level and was statistically significant. Maximum reduction in plant growth 
parameters was observed at the highest inoculum level (8000 Ja/plant). Moreover. 
significant reduction in plant growth parameters was recorded at and above 1000 
J2/plant. 
The observafions are in agreement with that of Bhagawati and Phukan (1991) who 
reported a significant plant growth reduction with an initial inoculum of 1000 larvae 
of M. incognita per 500g of soil on pea plant and Khan et al. (2010) where an 
inoculum level of 1000 juveniles/kg soil of Meloidogyne incognita showed a 
significant decline in plant growth on broccoli and those of Ganaie et al. (2011) where 
also a significant reduction in plant growth parameters was recorded in okra plant 
with an inoculum level of 1000 juveniles per plant. 
It was also observed that with an increase in the level of inoculum there was a 
progressive increase in host infestation as indicated by number of galls as well as the 
population of nematodes. Moreover, the rate of nematode multiplication was reduced 
with the increase in the inoculum levels of M. incognita. This might be due to the 
destruction of root system by the parasitism of root-knot nematode which create 
competition for food and nutrition among the developing nematodes within the root 
system and also due to inability of juveniles to find out new infection sites for 
subsequent generafions (Ogunfowora, 1977). The high rate of multiplication at low 
level of inoculum, on the other hand, could possibly be due to the positive factors like 
abundance of food, lack of compefition and the ability of host to support these levels 
of population. The progressive decrease in plant growth and nematode multiplication 
with increasing inoculum levels of root-knot nematode on different crops have also 
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been reported earlier by various workers (Gupta and Yadav, 1988; Khan and Husain, 
1989; Pathak et al, 2000; Khan et a/., 2004; Kumar and Pathak, 2005). 
For determining the pathogenicity of Fusarium solani, the seedlings of chilli 
were inoculated with different inoculum levels of F. solani i.e. 0.25, 0.50, 1.00, 2.00, 
4.00 and 8.00 g mycelial mat/plant and it was observed that the reduction in plant 
growth parameters was increased with the increase in the inoculum levels. Similarly 
the percentage of root-rot/root system was also increased with increase in" the 
inoculum level. From the result obtained, it was found that the inoculum threshold 
level of F. solani on chilli was 1.00 g mycelial mat/plant. 
These levels of inoculum were therefore, used in the experiments related to 
interaction as well as in the management of disease complex through organic 
amendments using botanicals. 
In nature plants are rarely exposed to the influence of single pathogen. Root of the 
plant grows in soil having a great number of microorganisms, whose action is often 
combined to induce damage (Taylor, 1990). A combination of fungi and nematodes 
often result in synergistic interaction wherein crop losses is greater than expected 
from the invasion by either of the pathogen alone (Francl and Wheeler, 1993). 
Melodoigyne spp. are most commonly associated with nematode-pathogen 
interactions. Siddiqui et al, 1984 reported that both the nematodes and the fungus 
significantly reduced the plant growth in brinjal, tomato and chilli when inoculated 
separately, however, a synergistic effect was observed in plants inoculated with both 
the organisms. Synergistic effects of root knot nematode and root-rot fungus have also 
been reported by various other workers on different crops (Golden, and Van Gundey, 
1975; Ali et al, 1992; Walker, G.E., 1994 and Bhagwati et al, 2007). 
In experiments involving interactions when M. incognita was inoculated prior to F. 
solani in sequential inoculation (15 days before), there was a significant reduction in 
all the plant growth parameters (length, fresh and dry weight of the plant) and was 
found to be greater than the sum of the independent effects of M. incognita and F. 
solani again resulting in a synergistic (positive) interaction. 
However, in the sequential inoculation where F. solani was inoculated before 
M incognita (15 days before) the percent reduction in plant growth parameters was 
less as compared to concomitant (Mi+Fs) and sequential inoculation (Mi->Fs). 
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Lesser reduction of growth in plants inoculated with the fungus followed by nematode 
is understandable, as it is likely that by the time the plants were inoculated with the 
nematode the fiingus got sufficient time to colonize the cortex making it less suitable 
for nematode attack or the fungus metabolites produced adverse effects on nematode 
or affected the feeding cells (James, 1966; Khan and Hussain, 1989; Ashraf and Khan. 
2005 and Sharma and Haseeb, 2006). Therefore, it can be concluded that in this type 
of sequential interaction (Fs—>Mi), there was an additive interaction between the two 
test pathogens. 
In the presence of fungus, in all the treatments, reproduction factor (Rf) and 
root galling was significantly reduced. Prior inoculation with the fungus (Fs->Mi) 
was comparatively inhibiting to nematode multiplication and galling compared with 
fiingus inoculation after the nematode (Mi->Fs) or when two pathogens were 
inoculated simultaneously (Mi+Fs). 
Damage to the plant was maximum when both the pathogens i.e M. incognita 
and F. solani were inoculated simultaneously (Mi+Fs) and the percent reduction in 
plant growth parameters was found to exceed the sum of reduction by both pathogens 
inoculated alone. This may be due to the fact that both the pathogens had their own 
share while damaging the plants. These results are in agreement with the reports of 
Zaidi and Tiyagi (1989) where the reduction was maximum in simultaneous 
inoculation of chilli plant with M. incognita and F. solani. Thus it can be concluded 
that interaction between M. incognita and F. solani was synergistic in nature on chilli 
in both concomitant (Mi+Fs) and sequential inoculation of M incognita inoculated 15 
days prior to F. solani (Mi->Fs). The results are in agreement with Chahal and 
Chhabra (1984), who reported synergistic effect of M. incognita and Rhizoctonia 
solani on tomatoes and Ganaie and Khan (2011) who reported a significant reduction 
in different plant growth parameters in simultaneous and sequential inoculation of M 
incognita and F. solani on tomatoes. However, the reduction was more prominent on 
simultaneous inoculation of both pathogens. 
The root-rot index increased in the presence of nematode. Highest root-rot 
index was observed when the nematode was inoculated simultaneously (Mi+Fs) or 
when the nematode preceded the fungus by 15 days (Mi^Fs). Increase in root-rot 
index in the presence of nematode has been reported earlier by Golden and Van 
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Gundey 1975; Anver et al, 1991; and Siddiqui and Hussain, 1992. This could be due 
to some physio-chemical changes in the host tissues leading to chemical changes in 
the root exudates which normally contain amino acids, sugar and other carbohydrates, 
etc., thereby stimulating attraction and growth of the fungus. The nematode infected 
cells are more easily parasitized by fungus than normal cells (Melendez and Powel, 
1967). 
From experiment involving interaction of M incognita and F. solani it can be 
concluded that simultaneous inoculation of M incognita and F. solani led to 
significant reduction in growth parameters of chilli plant. For management studies the 
soil was amended with chopped leaves of ten test plants viz., Raimuniya {Lantana 
camara Linn.), Aak {Calotropis procera (Ait.) Ait.f), Castor (Ricinus communis 
Linn.), Dhatura {Datura stramonium Linn.), Dudhi (Euphorbia hirta Linn.), Lemon 
grass {Cymbopogon citratus (DC) Stapf), Jaramla {Phyllanthus nirui 
Hook.f (Fl.Br.lnd.)), Sadabahar {Catharanthus roseus Linn.), Tulsi (Ocimum sanctum 
Linn.) and Congress grass (Parthenium hysterophorus Linn.) Several plants are 
known to possess nematotoxic and fungicidal properties (Sosamma and Jayasree, 
2002; Ravichandar, 1987; Manibhushanrao etal, 1988). 
Among the ten plants tested, leaves of almost all plants exhibited nematicidal 
and fungicidal properties. Maximum improvement in plant growth parameters (length, 
dry and fresh weight), reduction in nematode population, number of galls/root system 
and percentage of rotting was observed in the soil amended with leaves of L camara 
when the plants received the simultaneous inoculation of root knot nematode, M. 
incognita and root rot fungus, F. solani over control (un-amended-inoculated). 
Moreover the efficacy of these organic additives was found in the order Raimuniya, 
Aak, Castor, Dhatura, Dudhi, Congress grass, Lemon grass and Sadabahar. 
Lantana camara (Raimuniya) is a native of tropical America and is widely 
naturalized in many tropical and subtropical countries. Various parts of plants are 
used for their medicinal properties. The nematicidal and nematostatic activities of L. 
camara against root knot nematodes have also been evaluated in vitro and in vivo 
experiments. L. camara contain pentacyclic triterpenoids described as camaric 
acid, lantanillic acid and olenolic acids and their nematicidal activities against 
Meloidogyne incognita have also been reported (Shaukat and Siddiqui, 2001; Qamar 
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et al., 2005; Begum et a/.,2008). Leaves of L camara yield an essential oil (0.1%) 
having the following major constituents: a-farnesene, a-phellandrene, a-cedrene, a-
longifoline, p-cedrene and p-ocimene. Ahmad et al. (2010a) have recorded the 
nematostatic activity of L. camara leaf extract under in vitro conditions against the 
second stage juvenile of Meloidogyne incognita. Green chopped leaves of L. camara 
added to the soil gave highest enhancement in plant height, fresh and dry weight. 
number of fruits and fruit weight as well as greater reduction of M. Javanica 
reproduction and development in comparison to leaves of other plants (Ahmad el al.. 
2010b). 
In my experiment also significant improvement in the plant growth parameters 
(length, fresh and dry weight) was found in the soil amended with chopped leaves of 
L. camara in comparison to un-amended, inoculated control. Chopped leaves of L. 
camara reduced root galling caused by M. incognita on papaya (Reddy et al., 1993). 
Decomposing leaves of L camara used alone or in combination with Pseudomonas 
aeruginosa markedly suppressed population densities of M. javanica, subsequent root 
knot development in mungbean and extracts in organic solvents caused significant 
mortality oiM. javanica larvae in vitro (Ali et al, 2001). 
The leaves of Calotropis procera (Aak) were less effective than Raimuniya 
against the disease complex of M incognita and F. solani on chilli. The plant is 
commonly known as the swallow-wort or milkweed, leaves bearing milky latex. The 
seedlings and leaves possess antifungal properties, the former inhibiting the growth of 
Fusarium nivale (Fr.) ces., F. oxysporum. The aqueous extract of the leaves also 
inhibited the larval hatching of the root knot nematode [M incognita (Kofoid and 
White) Chitwood, Anonymous, 1992]. 
Reduction in the nematode population due to the latex of Calotropis leaves 
has been reported earlier by Nandal and Bhatti (1993) and Trivedi et al. (1980). 
Calotropis procera leaves contain chemicals Calotropin, Uscharin, Calotoxin, 
Calactin, Uscharidin and Calotropagenin. Two triterpene esters with biological 
activity from Calotropis leaves have been isolated by Rastogi and Mehrotra (1995). 
An interactive effect of Calotropis procera leaves and fungus Glomus fasciculatum 
resulted in significant reduction in root knot galls caused by Meloidogyne incognita 
and significant decrease in number of eggs per egg mass in tomato plant was reported 
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by Rao et al. (1996). Sharma and Trivedi (2002) reported nematicidal and antifungal 
property from the leaf extract of Calotropis procera. There is the presence of certain 
chemicals in the leaves of this plant which proved to be antagonistic to root-knot 
nematode and root-rot fungus thus helping in improving the plant growth. 
Ricinus communis (Castor) has also been found significantly effective in 
controlling the disease caused by Fusarium solani and Meloidogyne incognita on 
chilli. The leaves of Castor used as organic amendment significantly improved the 
growth parameters viz., length, fresh and dry weight of the plant as against 
inoculated-un-amended plants and reduced nematode population and incidence of 
root-rot. This might be due to presence of Ricine alkaloid, Ricinolic acid, Linolic 
acid and Dehydroxy stearic acid present in castor plant. Nematicidal properties of 
castor were earlier reported by Zaki and Bhatti (1989). Bare-root treatment of chilli 
seedlings with extracts of decomposed and un-decomposed leaves and oil cakes of 
castor provided protection against root knot nematode M incognita (Akhtar and 
Mahmood, 1994). Tiyagi and Alam (1995) reported that the oil seed cake of castor is 
effective against plant-parasitic nematodes and soil inhabiting ftmgi including M. 
incognita and R. solani. Ritzinger et al. (1998) amended the soil with different 
quantities of dry castor leaves and observed that application at the rate of 0.5% was 
sufficient to significantly reduce the population of M. arenaha. Oil seed cake was 
effective against the both pathogens M. incognita as well as R. solani (Khan and 
Alam, 2001). The population of plant parasitic nematodes M. incognita and the 
frequency ofF. solani was significantly reduced. 
The leaves of Datura stramonium commonly known as dhatura were also 
effective against the disease complex of chilli caused by the root knot nematode, 
Meloidogyne incognita and root-rot fungus, Fusarium solani. Leaf extracts have also 
been found effective against the fungus, Fusarium oxysporum f. sp. cumini and 
nematode, M incognita (Sharma and Trivedi, 2002). The inhibitory effect of the 
plant leaves against fungi might be attributed to the presence of some antifungal 
toxicants in the leaves of dhatura. 
There are reports of nematicidal nature of different dhatura species by various 
workers (Rao et al, 1986; Gupta and Ram, 1981; Kumari et al, 1986; Mahmood et 
al, 1979). Dhatura contains alkaloids like hyoscine as well as atropine, hyocyamine. 
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apohyoscine and meteloidine. The leaves of dhatura contain Lectins alkaloids and 
these have been reported to effectively control wheat rust (Anonymous, 2002). The 
ethanolic extract of the plant exhibited antifungal activity against rice pathogens. 
Pyricularia oryzae, Rhizoctonia solani, Fusarium moniliforme. The leaf extract 
exhibited antifeedent and insecticidal activities against okra fruit borer, Earias 
vittellla Des (Anonymous, 2002). Population of M incognita in soil and root galling 
of tomato was significantly suppressed by dried leaves of D. stramonium and 
eradication of the nematode was obtained by amending the soil with 1 Og oi dried 
leaves of D. stramonium (Radwan et al., 2007). 
Euphorbia hirta commonly known as dudhi has leaves with characteristic 
milky latex and is common in waste ground throughout the hotter parts of India 
(Anonymous, 2003). The root exudates exhibited nematicidal activities against 
juvenile of Meloidogyne incognita (Siddiqui, 2006). With an increase in 
concentration and exposure time of the leaf extract of dudhi, there was a 
corresponding increase in the mortality rate of M mcog«/7a juveniles, which might be 
due to the chemicals such as tannins, saponins, flavonoids and alkaloids present in 
the leaf extract having nematicidal property (Olabiyi, 2008). Root and leaf extract of 
dudhi showed nematicidal activity against M. incognita and fungicidal activity against 
Fusarium oxysporum (Anonymous, 1753). 
The leaves of Parthenium hysterophorus commonly known as Congress grass, 
used as a soil amendment was also helpful in improving growth parameters of chilli 
plant and significantly reducing the nematode population as well as percentage of 
rotting. Main toxic constituents of congress grass are Parthenin and Coronopilin. 
Parthenin is present up to 8% in capitulum and 5% in leaves. Some other toxic 
substances are also reported in the leaves and roots such as Caffic acid, Chlorogenic 
acid, p-hydroxybenzoic acid, p-anisic acid. Vanillic acid and Salicylic acid. The 
congress grass possess antifungal properties, the cold water extract of the leaves 
showed 50.5% inhibition while hot water extract showed 48.3% inhibition of mycelial 
growth of Pythium (Anonymous, 2003). Pesticidal properties of congress grass have 
been reported by (Rao et al., 1986; Hasan and Jain, 1984; Datta and Saxena, 
2001).Chopped leaves of P. hysterophorus applied to the soil had significant 
reduction in root galling of tomato and associated soil population densities of 
juveniles (Bala, G., 1999) 
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Cymbopogon citratus commonly known as Lemon grass is an aromatic 
tropical grass. It produces volatile oil on steam extraction of leaves which contains a-
citral and P-citral and myrcene and has antibacterial properties. Extracts of lemon 
grass have been shown to have nematicidal properties in in vitro studies (Siddiqui and 
Hussain, 1990; Sweelan, 1989). Sweelan (1989) showed that application of lemon-
grass extract into soil reduced the soil population and number of egg masses of M. 
javanica in tomato roots more than 50%. Cymbopogon spp. are rich in citral, 
geraniol and citronelol, which possess good nematicidal activity (Sangwan et al, 
1985, 1990). Adegbite and Adesiyan (2005) reported nematicidal activity of 
Cymbopogon citratus root extracts with 95 percent inhibition of egg hatch and 75% 
larval mortality. Soil amendment with ground leaves of lemon-grass reduced the 
number of galls and eggs of M javanica in tomato plants (Lopes et al, 2011). 
Catharanthus roseus (Sadabahar) leaves also improved the growth parameters 
of chilli plant significantly and reduced the root-rot, and nematode population in the 
present experiments. Leaf extract of the sadabahar was tested against M. incognita 
and result showed higher rate of mortality of nematodes (Sosamma and Jayasree, 
2002). Sadabahar plant is a rich source of alkaloids and these are antineoplastic 
dimeric alkaloids. Vinblastine and Vincristine are mainly present in aerial part of 
the plant. Periwinkle (sadabahar) has shown significant reduction in root-knot disease 
caused by M incognita and M. javanica with improvement in growth of plant like 
okra (Patel et al., 1987a) and Papaya (Reddy et al., 1993a, b). Periwinkle aqueous 
extract also inhibited egg hatching and caused 100%) larval mortality of M incognita 
root-knot nematode (Patel et al., 1987b; Pathak et al., 1989). Application of leaf 
powder of pink and white flower periwinkle significantly increased plant height and 
fresh weight with significant reduction in root knot disease (Patel et al., 1994). 
In the experiment for management with organic amendment with chopped 
leaves of Phyllanthus niruri (Jaramla) and Ocimum sanctum (Tulsi) either there was 
no improvement in plant growth parameters or it was statistically insignificant. 
Organic amendments are not only safe to use but also have the capacity to 
improve soil structure and fertility. In addition they are cheaper, safer and easier to 
apply with no risk of pollution and thus maintaining the balance of biological 
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ecosystem, making the planet worth for human population. Thus, control strategies 
are now directed towards the use of natural products. 
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6. SUMMARY 
Experiments were conducted to study the interaction of Meloidogyne 
incognita and Fusarium solani on chilli. In the first experiment where pathogenicity 
of M incognita was tested at different inoculum levels the reduction on plant growth 
parameters of chilli were directly proportional to the increasing inoculum levels of M 
incognita. There was no significant decrease in plant growth parameters of chilli upto 
the inoculum level of 500 h per plant. Significant reduction in plant growth 
parameters was recorded at and above 1000 J2 per plant. Further it was observed that 
reduction in plant growth was not significant between inoculum levels of 2000 and 
4000 and 4000 and 8000 J2 plant. 
With an increase in inoculum level there was a progressive increase in host 
infestation as indicated by the number of galls as well as the population of nematodes. 
Moreover the rate of nematode multiplication was reduced with increase in inoculum 
density of M incognita. 
When the pathogenicity of F. solani was tested with 0.25, 0.50, 1.00, 2.00, 
4.00 and 8.00 g mycelial mat/plant, it was found that a significant reduction in plant 
growth parameters took place at and above 1 .OOg mycelial mat / plant whereas there 
was no significant reduction in plant growth parameters as compared to control upto 
0.50g mycelial mat / plant. The reduction in plant growth parameters increased with 
increasing inoculum levels. Similarly root rot index also increased with the increase in 
inoculum levels. However the reduction was not significant between inoculum levels 
of 2.00 and 4.00g and 4.00 and S.OOg mycelial mat / plant. 
Thus from the above results it can be concluded that the damaging threshold 
level of M incognita on chilli was 1000 h I plant and that of F. solani was l.OOg 
mycelial mat/ plant. 
In the experiments involving interactions of two pathogens, chilli seedlings 
were inoculated with M. incognita and F. solani individually, concomitantly as well 
as sequentially with an interval of 15 days between the nematode and the fiingus. 
Simultaneous as well as sequential inoculation of both pathogens caused greater 
reduction in plant growth parameters as compared to the damage caused by either of 
the pathogen alone. 
Summary 
Concomitant (Mi+Fs) and sequential inoculation of M. incognita inoculated 
15 days prior to F. solani (Mi—j^ Fs) showed synergistic interaction. However 
reproduction factor of M. incognita was significantly reduced in concomitant and 
sequential inoculations as compared to individual inoculations. In the sequential 
inoculations of F. solani 15 days prior to M incognita i.e (Fs->Mi), the interaction 
was additive. 
Multiplication of nematode and number of galls/ root system was significantly 
reduced in concomitant and sequential inoculation as compared to individual 
inoculation. 
The intensity of root rot / root system caused by F. solani was increased in the 
presence of root knot nematode M. incognita as compared to when F. solani was 
inoculated individually. 
In order to control disease complex of chilli caused by M. incognita and F. 
solani, fresh chopped leaves of ten test plants viz. Raimuniya {Lantana camara 
Linn.), Aak (Calotropis procera (Ait.) Ait.f), Castor (Ricinus communis Linn.). 
Dhatura {Datura stramonium Linn.), Dudhi {Euphorbia hirta Linn.), Lemon grass 
{Cymbopogon citratus (DC) Stapf), Jaramla {Phyllanthus nirui Hook.f(Fl.Br.lnd.)), 
Sadabahar (Catharanthus roseus Lirm.^,Tulsi {Ocimum sanctum Linn.) and Congress 
grass {Parthenium hysterophorus Linn.) were used in the form of organic additives 
during concomitant inoculation of M incognita and F. solani. Eight plants showed 
significant improvement in plant growth parameters. The efficacy of the plants were 
found in the order, Raimuniya, Aak, Castor, Dhatura, Dudhi, Congress grass. Lemon 
grass and Sadabahar. The remaining plants Jaramla and Tulsi had no significant effect 
on plant growth improvement, nematode population and root-rotting. 
The use of botanicals as organic amendments are not only safe but also have a 
capacity to improve soil structure and fertility. Thus control strategies are now 
directed towards the use of natural products. 
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